WORLD INTELLECTUAL PROPERTY ORGANIZATTON 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (TCT) 



(51) lateniatiooal Patent QassificatioD 5 
C07H 19/01; A61K 31/70 



Al 



(11) Internationa] Publication Number: 
(43) International Publicatioo Date: 



WO 93/05058 

18 March 1993 (18,03.93) 



(21) International Application Number: PCT/US92/07508 

(22) International Filing Date:. 2 September 1992 (02.09.92) 



(30) Priority data: 
756,946 
921,851 



9 September 1991 (09.09.91) US 
5 August 1992 (05.08.92) US 



(71) Applicant: MERCK & CO.. INC. [US/US]; 126 East Lin- 

coln Avenue. Rahway, NJ 07065 (US). 

(72) Inventors: SINCLAIR, Peter, J. ; 92 Maple Court, High- 

land Park, NJ 08904 (US). WONG, Frederick ; 16 High 
Street, Glen Ridge. NJ 07028 (US). GOULET. Joung ; 
GOULET, Mark ; 719 Hanford Place, Westfield, NJ 
07090 (US). PARSONS. Williams. H. ; 2171 Oliver 
Street, Rahway NJ 07065 (US). WYVRATT, Matthew, J. 
; 1130 Puddingstone Road, Mountainside, NJ 07092 
(US). 



(74) Agent: THIES, J., Eric; 126 East Lincoln Avenue, Rah- 
way. NJ 07065 (US). 



(81) Designated States: BG, CS, FI, HU, NO, PL, RO, RU. 



Published 

With international search report. 



(54) Title: O-HETEROARYL, O-ALKYLHETEROARYL, 0-ALKENYLHETEROARYL AND O-ALKYNYLHETEROAR- 
YLMACROLIDES 



CH3 



^^^^^ ^-R- 



(I) 



CHgO OCH3 



10 



(57) Abstract 
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have been prepared from suitable precursors by alkylation and/or arylation at C-3" and/or C-4" of the cyclohexyl ring. These 
macrolide immunosuppressants are useful in a mammalian host for the treatment of autoimmune diseases, infectious diseases, 
the prevention of rejection of foreign organ transplants and/or related afflictions, diseases and illnesses. 
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10 

TTTT.r. OF THE TNVENTION 

0-HETEROARTL, O-ALKTLHETEROARTL , O-ALKENTLBETEROARTL 
AND O-ALKINYLBETEROARTLMACROLIDES 

15 

f;TTMMARY OF THE INVENTION 

This application is a continuation-in-part 
of copending application Serial No. 07/756.946, filed 
September 9, 1991. 

20 The present invention is related to 

0-heteroaryl, 0-alkylheteroaryl , 0-alkenylheteroaryl 
and O-alkynylheteroarylmaciolides which are useful in 
a mammalian host for the treatment of autoimmune 
diseases (such as juvenile-onset diabetes mellitus, 

25 multiple sclerosis and rheumatoid arthritis), 

immunodepression, infectious diseases and/or the 
prevention of rejection of foreign organ transplants 
(e.g. bone marrow and heart transplants and xeno 
transplants) and are also useful in the topical 

30 treatment of inflammatory and hyperprolif erative skin 
diseases and cutaneous manifestations of 
inmiunologically-mediated illnesses (such as: 
psoriasis, atopical dermatitis, contact 
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dermatitis and further eczematous dermatitises., 
seborrhoeic dermatitis. Lichen planus . ^-"^^^ff^' 
bullous Pemphigoid. Epidermolysis bullosa, urticaria. 

angioedemas. vasculitides . ^^^^^^"^^^ '..ta. 

5 eosinophilias . Lupus erythematosus . Alopecia areata) . 
.ale pattern alopecia, alopecia senilis reversible 
Obstructive airways disease, particularly^asthma 
alopecia, inflammation of mucosa and blood vessels . 
cytomegalovirus infection, multidrug resistance. 

10 idiopathic thrombocytopenic puxputa. Behcet's 

syndrome, conjunctivitis. Crohn's disease. Mooren's 
ulcer, uveitis, severe intraocular inflammation, 
and/or hepatic injury associated with ischemia In 
ZAtion, some of the compounds of this ^-^^^ 

15 have antagonistic properties and so have utility m 
the reversal of immunosuppressive activity and/or 
diminishing the toxicity of other immunosuppressive 

More particularly, this invention relates to 
20 compounds of the general structural formula I: 



25 
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• t.1 p2 T?3 r5. rIO, W and n are 

wherein R-^, R^t & . -tt » » » 

hereinafter defined. 

This invention also relates to 
pharmaceutical compositions containing the compounds 
5 and to a method of use of the present compounds and 
other agents for the treatment of and. prevention of 
certain afflictions, diseases and illnesses. 

TTTlTrr rrr^^'F'^-^O^ pxrrT nwFf; tn W ART. 
10 rujisawa United States, European and 

Japanese patents and applications ( g , ?^ Patent ^0/ " 

^ ««.A.366 . issued January 16, 1990. TF O P.iT>3 icatAOh 
n ift4,162 and. FT^T T^i ^rlo'^irr^ ft3-X788^) and 

publications |T A^n; Chem^^. 1987. 5031 and^ 

15 ^ A.^.HKiotics 1987. ;i2^9> disclose 17-allyl-l , 14-^ 

dihydro3cy-12-I21=:C4--hydroxy-3 • --metho^cyclohexyl)- 

1 . -inethylvinyl]-23 . 25-dimeth03qr-13 . 19 . 21 . 27-tetra- 
methyl-11. 28-dio^^4-azatricyclo-[22 . 3 . 1 . 0^ • 9 joctacos- 
18-ene-2.3,10a6-tetraone (FR-900506). <FK-506>. 

20 (L-679,934). 17-ethyl-l. 14-dihydroxy-12-C2'-<4- 

hydrosy-3 • • -methoxycycloheogrD-l • -methylvinyl]-23 .25- 
dimethoxy-13 .19 .21 . 27-tetramethyl-ll . 2B-dioxa-4- 
azatricycloC22 .3.1.0*. 9joctacos-18-ene-2 . 3 . 10 . 16- 
tetraone <rR-900520> and related compounds which are 

25 the starting materials for the preparation of the 
compounds described. The synthetic preparation of 
the aforementioned starting material (FR-900506) has 
recently been reported g , i ^n nhp?n. Sqc . „ . 19B9. Hi. 
1157) A Sandoz European patent application (1£Q 

30 ^,^Mn.i-inn n-'^^6.399) discloses stereoisomers of 
rR-900506 and derivatives at the 17-position. Fisons 
European and WIFO patent applications (EEfi 
P,^-^T, V.^^nn- n •^73.042 and ?rr FT 1 ^Ti^Pt^0T^ yo. WQ 
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f ?9/Q5304 ) discloses various derivatives of FR-900506, 
FR-900520 and related compounds. A Sandoz European 
Patent application r EPQ Publication No. Q.437,68Q ) 
discloses chloro, bromo, iodo and azido derivatives 

^ of rR-900506, FR-900520 and related compounds. A 
Merck European Patent application (EPQ Publication 
Nr )^ 0,628,365 ) discloses various amino derivatives of 
FR-900506, FR-900520 and related compounds- A 
Fujisawa patent application ( UK Publication No, QB 

10 7 ,?45.891-A ) discloses various derivatives of 
FR-900506 bearing a heterocyclic group. 

Fujisawa United States patents (U.S> Patent 
4.929.611 . issued May 29, 1990. TT.f>. PatgPt 1^0, 
4.956.352 . issued-Sept. 11,-1990 and UtS, Patent No. 
S. 110, 811 . issued May 5, 1992) discloses the use of 
FK-506-type compounds in treating resistance to 
transplantation. A Sandoz European patent 
application r sPO Publication No, 0.315.979 ) discloses 
the use of FR-900506 and related compounds in the 
topical treatment of inflammatory and hyperproli- 
ferative skin diseases and of cutaneous 
manifestations of immunologically-mediated illness. . 
A Fisons WIPO patent application ( pCT Publication No, 
91/04025 ) discloses the use of various derivatives 

^5 of FR-900506 in the treatment of immunodepression. A 
Fisons WIPO patent application (PCT Publication WO 
90/14826 ) discloses the use of FR-900506 and related 
compounds in the treatment of reversible obstructive 
airways disease, particularly asthma. A Fujisawa 

3° European patent application ( EPQ Pub lication No. 
423 ,714 ) discloses the use of FK-506 and 
derivatives as hair revitalizing agents. Various 
studies have suggested the efficacy of FK-506 in. the 
treatment of a number of ailments, including 
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rheumatoid arthitis (C. Aiita. et al, . ^ i PCi^iL gxp. . 
jssemml^. 1990. a^. 456-461: N. Iriamura. et.al,. 
r-i^ -r, Tmmi.nr -' T""^iinnT,af hol . 1988 , M, . 82-90) . 
recent-onset diabetes (N. Murase. et al. , mshSiSS., 

5 1990. 23., 1584-86; N. Murase, et al.. Lancfit, 1990. 
336 '373-74), posterior uveitis (H. Kawashima, 
3^00^- nnT.tha ^n--' 1988. .21. 1265-71), 

hepatic injury associated with ischemia (M. Sakr. et 

- al LifslSci. r-1990.-4i-r-687-91) allergic 

10 encephalomyelitis (K. Deguchi. et al.. T^rain TTervfe . 
1990, 42.. 391-97). glomerulonephritis <J. McCauley. 
et al.. LsEtet, 1990 . 2ai. 674) and systemic lupus 
erythematosus (K, Takabayashi. et al. , CTii> , TmmvT^Ol. 
• issjjtiQEatliel^. 1989. 11. 110-117) multidrug 

15 resistance <M. Naito. et al.. f pTrrPT Chemothgr . 
ajarmacfil.. 1992 . 21. W5-200). inflammation of 
mucosa and blood vessels < prT PnM 1 ration WQ 
qi/17754) . cytomegalovirus infection ( TTK P^ i T>licgtJ.0P 
r.T^ 7 747.620A ). and idiopathic throiabocytophenic 

20 purpura and Basedow's disease ( PCT i cf^t.ion WQ 
QT /19495 ^ . 

T^Ar yr^KOTTND n^- tttf. INVENTXQH 

Immunoregulatory abnormalities have been 

25 shown to e^cist in a wide variety of "autoimmune" and 
chronic- inflammatory diseases, including systemic 
lupus erythematosis. -chronic rheumatoid arthritis, 
type I and II diabetes mellitus. inflammatory bowel 
disease, biliary cirrhosis, uveitis, multiple 

30 sclerosis and other disorders; such as Crohn's 

disease, ulcerative colitis., bullous pemphigoid, 
sarcoidosis, psoriasis, ichthyosis, and Graves 
ophthalmopathy. Although the underlying pathogenesis 
of each of these 



conditions may be quite different, they have in 
common the appearance of a variety of autoantibodies 
and self -reactive lymphocytes. Such self-reactivity 
may be due, in part, to a loss of the homeostatic 
controls under which the normal immune system 
operates . 

Similarly, following a bone-marrow or an 
organ transplantation, the host lymphocytes recognize 
the foreign tissue antigens and begin to produce 
antibodies which lead to graft rejection. 

One end result of an autoimmune or a 
rejection process is tissue destruction caused by 
inf laimnatory cells and the mediators they release. 
Anti inilaEomatory" agents such" as' NSAID " s ' and 
corticosteroids act principally by- blocking the 
effect or secretion of these mediators but do nothing 
to modify the immunologic basis of the disease. On 
the other hand, cytotoxic agents such as cyclo- 
phosphamide, act in such a nonspecific fashion that 
both the normal and autoimmune responses are shut 
off. Indeed, patients treated with such nonspecific 
immunosuppressive agents are as likely to succumb 
from infection as they are from their autoimmune 
disease. 

~ Cyclosporin A which was approved by the US 

FDA in 1983 is currently the leading drug used to 

-prevent rejection of transplanted organs. The drug 
acts by inhibiting the body's immune system from 
mobilizing its vast arsenal of natural protecting 
agents to reject the transplant's foreign protein. 
Though cyclosporin A is effective in fighting 
transplant rejection, it is nephrotoxic and is known 
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to cause several undesirable side effects- including 
kidney failure, abnormal liver function and 
gastrointestinal discomfort. 

Newer, safer drugs exhibiting less side 
effects are constantly being searched for in the 

The 23-membered tricyclo-macrolide 
ixnmunosuppxessant. tacrolimus. -FR-900506 . FK-506 . 



10 



15 



20 



25 



CHsO^S" 




3b 



CH3O OCH3 



(17-allylrl.l<^-dihyd^oxy-12-[2•-(4• '-hydrosy-S • 
iDethoxycyclohexyl)-l'-inethylvinyl]-23^25-dimethoxy- 
13 . 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4--a2atxicyclo- 
[22 . 3 . 1 . 0^ » 9] „octacos-18-ene-2 , 3 . 10 , 16-tetr aone ) 
and related compounds which were isolated and 
characterized by Tanaka, Kuroda, and co-workers at 
Fujisawa Pharmaceutical Co, in Japan, see J ■ Anit 
— rKpm— S oc, , 1987T-l:Q£ "5031T and UvS-r-Pate?)t NOv 
4.894:366 . issued January 16, 1990) have been shown 
to possess exceptional immunosuppressive activity. 
Fujisawa United States patents (U-S- Patent No. 
4,929.611 , issued May 29 i 1990, TT,S^ Patent VO* 
4-956.352 . issued September 11. 1990 and Tf.S- Patent 
^0/ 5.110. 811 .. issued May 5, 1992) disclose the use 
of FK-506-tyi>e compounds in treating resistance to 
transplantation. In particular, the compound 
FR-900506 has been reported to be 100 times more 
effective than cyclosporin in the supression of in 
vitro immune systems r j. Anti biotics 1987, 4il, 
1256). In addition, these compounds are reputed to 
possess topical activity in the treatment of 
inflammatory and hyperprolif erative skin diseases and 
cutaneous manifestations of immunologically-mediated 
illnesses ( EPQ Pub, Nn. 0.315.978). 

The "compound Tk-5 06 and related compounds 
further have been suggested to be useful in the 
t^reatment of obstructive airways disease, 
particularly asthma rPCT Publication WO 90/14826). 
male pattern alopecia or alopecia senilis (EEQ 
pnhli cation No. 0. 423.714:) ■ rheumatoid arthitis <C. 
Arita, et al., (^linrial exp. Immunol., 1990, 82, 
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456-461; N. Inamura, et al.. nin, Tmmvnol ^ 
j^,,,,,^^^ 1988. M. 82.90).. — nt-onset diabetes 
<N Muiase. et al. . 2iah£t££. 1990. 31, 1584-86; H. 

=n TflTieet 1990. 226.. 373-74). posterior 
Murase. et al., Lasfifii, x^^". ^i-i^f 

5 uveitis (H. Kawashima. Tnvpst . OpT)t]i^1 ^noT ■ Vrp, Sc^. . 
1988. za. 1265-71). hepatic injury associated with 
ischemia <M, Sai;r. et al. . Uffi-Sfii- . 1990, ^. 
687-91) allergic encephalomyelitis_(K. Deguchi. et 
al.. ^..4. Nerve. 1990, &Z, 391-97), glomerulo- 

10 nephritis (J. McCauley. et al.. Lasset. 1990. 225... 
674). systemic lupus erythematosus (K. Takabayashi, 
et al.. jILL'iL.. Trirminol. TTtlTTin TiopathPl .-. 1989. SI. 
110-117) multidrug resistance <I1. Naito, et al.. 

r>,.n,o^l.o^ Pharmacol.. 1992. 23., 195-200). 

15 inflammation of mucosa and blood vessels (ECI 

^ ,^Ti..i-4oT. qy/17754>> cytomegalovirus infection 
\^x>,.T,i.r.^^inn ? ?47.^20A>. and idiopathic 
thrombocytophenic purpura and Basedow*s disease (ECS 
5 rati on WO 917 1 9 495) . 



20 



A. F^^r*^ Tnventioa . 

The novel compound of this invention has 

structural Formula I: 



25 



30 
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5 



10 



15 




CH3O OCH3 



I 

or a pharmaceutically acceptable salt thereof, 
wherein: 

25 

r1 is selected from: 

(1) heteroaryl; 

(2) substituted heteroaryl in which the 
30 substituents are X, Y and Z; 

( 3 ) heteroaryl-Ci.io^^^y^ » 
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(4) substituted heteroaryl-Ci.ioalkyl ^^^^^^ 
the heteroaryl group is; substituted by X, Y 
and Z and the alkyl portion may be 
substituted with one or more of the 
5 substituentCs) selected fromi 

(a) hydroxy, 

(b) oxo, 

~ (c) Ci_6^alk^r; 

Cd)^ aryl-Ci_3aIko^, 
10 (e) substituted aryl-Ci_3alkosy, in which 

the substituents on aryl are X, Y and Z, 
(f ) unsubstituted or substituted aryloxy, 
in which the substituents on aryl are 
X, Y and Z, 

15 (g) -oco-Ci^e^^^^y-'- ' 

(h) -NB.^b7\ wherein and r"^ are 
independently selected from 
<i> hydrogen, 

(ii) Ci_ioal*yl unsubstituted or 
20 substituted with one or more of 

the substituentCs ) selected from: 
<a'> aryl, which is unsubstituted 
or substituted with. X,.. Y and 
Z, 

25 <b«) heteroaryl. which is 

unsubstituted or substituted 
with X, Y and Z, 
<c') -OH, 
<d') Ci.galkoxy, 
30 Ce') -CO2H, 

(ft) -C02-Ci_6alkyl. 
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(g<) -C3_7cycloalkyl, and 

<iii)C3_io^^^^°y^ unsubstituted or 

substituted with oiie or more of 
the substituent(s) selected from: 
(a') aryl, which is unsubstituted 

or substituted with X, Y and 

Z, 

(b') heteroaryl, which is 

unsubstituted or substituted 
with X, Y and Z, 

(c'> -OH, 

(d«) Ci^galkosy, 

(e'> -CO2H, 

(f») -C02-Ci_6alkyl, 

(g » ) -C3.7cycloalkyl , and 

(hO -orII, 

(iv)or where R^ and and the N to 

which they are attached may form 
an unsubstituted or substituted 
3-7-inembered heterocyclic ring 
which may include one or two 
additional heteroatoms 
independently selected from the 
group consisting of 0» S(0)p, 
NR^*, wherein R^^ is hydrogen or 
C]^_g alkyl unsubstituted or 
substituted by phenyl, and p is 0, 
1 or 2, such as morpholine, 
thiomorpholine, piperidine, or 
piperizine , 
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<i) -NR^CO-Ci.ealliyl-R"', wherein and 

are as defined above, 
(j) -NR6C02-Ci_6alkyl-R^ . 
(k) -NR^CONR^R^. 
5 <1) -OCONR^R^, 

(m) -COOR^, 
(n) -CHO. 
(o) aryl, 

(p) .substituted aryl in which the 
10 • substituents are Z,. T and 2, 

<q) -OR^^. and 
(r) -SC0>p-Ci_6alkyl: 

(5) heteroaryl-Ci.ioalkyl wherein one or more of 
the alkyl carbons is replaced by a group 

15 selected from: -NR^-, -0-, -S<0>p-:, -CO2-. 

-O2C-, -C0Nr6_. _nr6cO-, -NR^CONR'-; 

(6) substituted heteroaryl-Ci_ioalkyl wherein 
one or more of. the alkyl carbons is replaced 
by a group selected from: -NR^-, -0-, 

20 -s(0)p-. -CO2-. -02<:-. -conr6.-. -hr^CO-. and 

-NR^CONR^-, the heteroaryl group is 
substituted with X. T. and Z, and the alkyl 
group may be substituted with one or more of 
the substituentCs) selected from: 

25 (a) hydroxy, 

(b) 0x0, 

<c) Ci_6alkoxy, 

(d) aryl-Ci_3aikoxy, 

(e) substituted aryl-Ci.^alkoxy, in which 

30 . the substituents on aryl are X,. 1 and 2, 
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(f) Tansubstltuted or substituted aryloxy, 
in which the substituents on aryl are 
X, T and Z. 

(g) -OCO-Ci^galkyl, 

5 (h) -Nr6r7, wherein and b7 are as 

defined above, 

<i) -NR^CO-Ci^galkyl-R^ , 

( j ) -NR^C02-Ci_6alkyl-R'' , 

(k) -Nr6coNr6r7. 
10 (1) ^gcgnr^r'', 

(m) -COOR^ , 
(n) -CHO, 
(o) aryl, 

(p) substituted aryl in which the 
15 substituents are X» Y and Z, 

(q) -OR^l, and 
<r) -S(0)p-Ci_6^1J^y3-; 
(7) heteroaryl-Cs^io^l^^^y^ wherein alkenyl 
contains one to four double bonds; 
20 (8) heteroaryl-C3_io^^^^^y^ wherein alkenyl 

contains one to four double bonds and 
wherein one or more of the alkyl carbons is 
replaced by a group selected from: -NR^-, 
-0-/ -S(0)p-, -CO2-, "O2C-, -C0NR6-. 
25 -NR^co-, and -NR^CONR^-; 

(9) substituted heteroaryl-Cs^iQ^^^^^^y^ ^^^^^^^ 
alkenyl contains one to- four double bonds 
and wherein one or more of the alkyl carbons 
may be replaced by a group selected from: 

-nr6-. -s(0)p-, -CO2-, -02C-. -conr6-. 

-NR^CO-, and -NR^CONR"^, the heteroaryl group 



30 
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is substituted with X. T, and Z. and the 
alkyl group may be substituted with^ one or 
more of the substituent(s) selected from: 
(a> hydroxy, . 
5 (b) pxo, 

(d) aryl-Ci_3alkoxy. . v 

(e) substituted atyl-Cj.galkoxy . m which 
th^ubstituents on aryl are X, T and Z. 

10 (f) unsubstituted or substituted aryloxy. 

in which the substituents on aryl are 
X, 1. and Z» 

(g) -OCO-C3:_6alkyl. 

(h) -m!^v7r wherein and R^ as defined 
15 above, 

<i) -NR6C0-Ci_6alkyl» wherein R^ is as 
defined above, 

(j) -NR^C02-Ci_6al'^y^' 

(k) -NR^CbNR^R'^ , 

20 <l) -OCONR^R^, 

(m.) -COOR^. 

(n) -CHO, 

(o) aryl» 

(p) substituted aryl in which the 

25 substituents are X. T and Z. and 

(q) . -OR^^, and 

(ry -S(0)p-Ci_6al^ylJ 

r2 is selected from; 
30 (1) the definitions of R^; 

(2) hydrogen; 

(3) phenyl; 



wo 93/05lkS8 



PCr/US92/07508 



- 17 - 

(4) substituted phenyl in which the substituents 
are X, T and Z; 

(5) 1- or 2-naphthyl; 

(6) substituted 1- or 2-naphthyl in which the 
5 substituents are X, Y and Z; 

(7) biphenyl; 

(8) substituted biphenyl in which the 
substituents are X, T and Z; 

(9> Ci^ioalkyl; 
l«> (IG) substituted^Ci_io^^*^y- ^" which one or more 

substituent(s) is(are) selected from: 

(a) hydroxy, 

(b) oxo, 

(c) Ci^^alkoxy, 

15 (d) aryl-Ci^salkoxy, 

(e) substituted aryl-C^^salkoxy , in which 
the substituents on aryl "are X, T and Z, 

(f ) unsubstituted or substituted aryloxy, 
in which the substituents on aryl are 

20 X, T and Z. 

< g ) -OCO-Ci^galkyl . 

(h) -NR%7, wherein and are as 
defined above 

(i) -NR^CO-Ci.galkyl-R^, wherein R^ and R^ 
25 are as defined above, 

(j) -COOR^, wherein R^ is as defined above, 
(k) -CHO, 
(1) phenyl, 

(m) substituted phenyl in which the 
30 substituents are X, T and Z, 

(n) 1- or 2-naphthyl, 

<o) substituted 1- or 2-naphthyl in which 
the substituents are X, Y and Z, 
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(p) biphenyl, 

(q) substitute biphenyl in which the 

substituents axe X, T and Z, 
(r> -OR^^, and 

fll) Co.inalkenyl; 

a2) substituted :G3_ioall^enyl in which one ox 
more substituentCs) is(are)- selected from: 
(a)— hydroay, ^ 
10 (b) oxo, 

<c) Ci^e^^T^°^' 

(d) phenyi-Ci_3alkGxy, 

(e) substituted phenyl-Ci.galkoxy . m which 
the substituents on phenyl are 

15 X, T and Z, . . 

Cf > -0C0-Cx_6aI*^y^. 7 

(g> -NR%7. wherein and R' axe as 

defined above 

(h) -NR6C0-Ci_6alkyl, wherein R^ is as 
20 defined above, 

(i) _C00r6. wherein R^ is as defined above. 

(k) phenyl, 
_ (1) substituted phenyl in which the 
25 . substituents are X. Y and Z, 

(m) 1- or 2-naphthyl, 

(n.) substituted 1- or 2-naphthyl in which 

•the substituents are X. Y and Z. 
<o) biphenyl, 

Cp) substituted biphenyl in which the 

substituents are X, Y and Z, 
((j) -OR^^. and 
Cr) -S(0)p-ei_6^alkyl; 



30 



J' 



I 
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10 



15 



20 



25 



30 



(13) C3_ioalkynyl ; 

<14) substituted C3_ioalkynyl in which one or 
more substituent(s) is (are) selected from: 



(a 
(b 
(c 
(d 
(e 



(f 
(g 

(h 

(i 
(j 
(k 
(1 

(m 
(n 

(o 
(P 



hydroxy, 
ozo, 

Ci_5alkoxy, 

pheny 1-C alkoxy , 

substituted pheny l-Ci_3alkoxy, in which 
the substituents on phenyl are 
X, Y and Z, 
-OCO-Ci.galkyl, 

-NR^R^, wherein R^ and R^ are as 
defined above, 

-NR^C0-Ci_5alkyl, wherein R^ is as 
defined above, 

-COOR^, wherein R^ is as defined above, 

-CHO, 

phenyl , 

substituted phenyl in which the 
substituents are X, Y and Z, 
1- or 2-naphthyl, 

substituted 1- or 2-naphthyl in which 
the substituents are X, Y and Z, 
bi phenyl , 

substituted biphenyl in which the 
substituents are X, Y and Z, 
-OR^^; and 



r3 is 
R^ is 



is 



,10 



(q) 
(15) -R^^: 

hydrogen, hydroxy. -OR^^, or Ci.galkoxy; 
hydrogen, or R^ and R^ taken together form a 
double bond; 

methyl, ethyl, propyl or allyl; 
hydrogen, hydroxy, -OR^^ or fluoro; 



is 
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■oil is selected from: , 

(a) -PO(OH)0-M+. wherein M+. is a positively 

charged inorganic or organic counterion, 

(b) -S03"T1^, 

5 (c) -C0(CH2)^C02-1I^. Wherein ^ is 1-3 . and 

(d) -C0-CT_6alkyl-NR6R7. wherein and R 
are as defined above and the alkyl is 
unsubstituted or substituted with one 
or more substituents selected from: 

10 (i) hydroxy, 

<ii) Ci„6*l^°^' 17 
(iii) -NR^%^^. wherein R^^ and R-^' are 
independently selected from;, 
(a') hydrogen, and 
15 (bO Ci.galkyl, . , 

(iv) -C00r6, wbexein is as defined 

above, 
(v> phenyl, . 
. (iv) substituted phenyl in which the 
20 substituents are X. T and Z, 

<vii) heteroaryl, 
(viii) -SH, and 

Cix) -S-Ci^e^^^y^' 
Wis 0 or Cfi. OH); 
25 X. T and Z independently are selected from: 

(a) hydrogen, 

(b) Ci_ioalkyl, unsubstituted or 
substituted with one or more 
substituents selected from: 

30 (i) aryl, 

<ii) substituted aryl in which the 
substituents are X' , T' and Z', 
(iii) heteroaryl, 
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(iv) substituted heteroaryl in which 
the substituents are X« , Y«, and 
Z' , 

<v) unsubstituted or substituted 

aryloxy, in which the substituents 
on aryl are X', Y' and Z', 
<vi) -OR^, 

<vii) -OrI^, 

(viii) -0C0r6. 



(x) -NR^r7, 
<xi) -CHO, 

(xii ) -NR^C0Ci_6alkyl-R^ . 

(xiii) -NR6c02Ci_6alkyl-R'' . 
15 <xiv) -NR^CONR^R^, 

(XV) -OCONR^R^, 
(xvi) -CONR^R^, 
(c) Ci_io3^^^y^ wherein one or more of the 
alkyl carbons is replaced by a group 
20 selected from -NR^-, -0-, -S<0)p-, 

-CO2-. -O2C-, -CONR^-, -NR^CO-, 
-NR^CONR^-, -CO-. -CH(OH)-. alkenyl or 
alkynyl and the alkyl may be unsub- 
stituted or substituted with one or 
25 more substituents selected from: 

(i) aryl, 
(ii) substituted aryl in which the 

substituents are X', Y' and Z', 
(iii) heteroaryl, 
30 (iv) substituted heteroaryl in which 

the substituents are X', Y' , and 
Z' . 



wo 93/05058 



per/US92/07508 



15 



- 22 - 

(v) lansubstituted or substituted 

aryloxy. in whicb the substituents 
on aryl are X'. f . and Z' , 
(vi> -OR^, 
(vii) -OrI^. 
(viii> -QCOR^, 



(ix) -6C02R^. 

(x) -NR%^. 

-(xi) -CHO 

10 (xii> -NR^COCi.ealkyl-R'. 

(xiii) -NR^C02Ci_6alkyl-R 

(xiv) -iqR^CGKR^"' . 

(XV) -OCONR^R^. . 
(xvi) -CONR^r"^. 



<d> halogen, 

(e) -m^BJ. 

(f > -CN. 

(g) -CHO, 

20 <h> -CF3. 

(i) -SrS. wherein rS is hydrogen, 

Ci_6alliyl. trifluoromethyl. or phenyl. 

(j) -sor8, 

(k) -SO2R*. 

25 (1) -CONR%^, ^ 

cm) r90(CH2>^- wherein r9 is hydrogen. 

. Ci_6alkyl. hydrcxy-C2_3alkyl. -^1*3. 
phenyl. R^^ or naphthyl and m is 0. 1. 

2, or 3. ,5 
-CH(0r12>(0r13), wherein R^^ and R^^ 
are Ci.galkyl or taken together form an 
ethyl or propyl bridge. 
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(o) 



0 

R9cO(CH2)jn- wherein and m are as 
defined above, 



(P) 



0 

R9oc(CH2)in- wherein R^ and m are as 
defined above, and 



or any two of X, T and Z may be joined to 
form a saturated ring having 5, 6 or 7 ring 
atoms » said ring atoms comprising 1 or 2 
oxygen atoms, the remaining ring atoms being 
carbon, such as dioxolanyl or dioxanyl; 
and Z' independently are selected from: 

(a) hydrogen, 

(b) Ci^yalkyl, 

(c) C2^e^i^^^y^^ 

(d) halogen, 

(e) -(CH2)ni-NR^R^, wherein R^, r"^, and m 
are as defined above, 

(f) -CN. 

(g) -CHO. 
<h) -CF3. 

<i> -SR^, wherein R^ is hydrogen, 

C^^galkyl, trif luoromethyl, or phenyl, 
(j) -SOR^, wherein R^ is as defined above, 
(k) "S02R^. wherein R^ is as defined above, 
(1) -C0NR%7, wherein R^ and R^ are as 

defined above, 
(m) r9o(CH2)ih- wherein R^ and m are as 

defined above, 
(n) -CH(OR^2)(OR^3)^ wherein R^^ and R^3 

are as defined above. 



<o) 



0 

R9cO(CH2)ni"- wherein R^ and m are as 
defined above, 
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0 

(p) R90C(CH2)m- wherein and m axe as 
defined above, and 



n is 



1 or 2. 



The compounds of the present invention have 
asymmetric centers and this invention includes all of 
10 the optical isomers and mixtures thereof. 

Itt addition compounds with carbon-carbon 
double bonds may occur . in Z- and E- forms with all 
isomeric forms of the compounds being included m the 

present invention. 

15 When any variable (e.g. , alkyl, aryl, R . 

r7. r8, r9, rIO. r11. X. T. Z. etc.) occurs more than 
one time in any variable or in Formula I. its 
definition on each ocurrence is independent of its 
definition at every other occurrence. 

20 AS used herein, the term "alkyl" includes 

those allgrl groups of a designated number of carbon 
atoms of either. a straight, branched, or cyclic 
configuration. Examples of "alkyl" include methyl, 
ethyl, propyl, isopropyl. butyl, sec-and text-butyl, 

25 pentyl , hexyl , heptyl . cyclopr opyl . cydobutyl , 

cyclopentyl, cyclohexyl. cycloheptyl, noxbornyl. and 
the like. "Aikoxy" represents an alkyl group of 
indicated number of carbon atoms attached through an 
oxygen bridge, such as methoxy. ethoxy. propoxy. 

30 buto^ and pent03qr. -Alkenyl" is intended to include 
hydrocarbon chains of a specified number of carbon 
atoms of either a straight- or branched- 
configuration and at least one unsaturation, 
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which may occur at any point along the chain, such as 
ethenyl. propenyl. butenyl. pentenyl, dimethylpentyl. 
and the like, and includes E and Z forms, where 
applicable; and "heteroarylalkyl" represents 
5 heteroaryl groups as herein defined which are 

attached through a straight or branched chain alkyl 
group of from one to ten carbon atoms. "Halogen", as 
used herein. -means fluoro, chloro.-bromo and iodo. 

As will be understood by those skilled in 
1° the art. pharmaceutically acceptable salts include, 
but are not limited to salts with inorganic acids 
such as hydrochloride, sulfate, phosphate, 
diphosphate, hydrobromide . and nitrate or salts with 
an organic acid such as malate. maleate. fumarate, 
^5 tartrate, succinate, citrate, acetate, lactate. 

methanesulfonate, p-toluenesulf onate or palmoate, 
salicylate and stearate. Similarly pharmaceutically . 
acceptable cations include, but are not limited to 
sodium, potassium, calcium, aluminum, lithium and 
20 ammonium (especially ammonium salts with amines of 
the formula HNR%^). 

The heteroaryl group as used herein includes 
acridine, carbazole, cinnoline, dibenzofuran, 
dibenzothiophene, quinoxaline, pyrrazole. indole, 
25 benzotriazole, furan. benzofuran. quinoline. 
isoquinoline, pyrazine, pyridazine, pyridine, 
pyrimidine, pyrrole which are optionally substituted. 

In the compounds of Formula I the heteroaryl 
group may be optionally substituted with X. T and Z 
at any available carbon atom or nitrogen atom (if 
present), but compounds bearing certain of X, Y and Z 
directly substituted to a nitrogen atom of the 
heteroaryl ring may be relatively unstable and are 
riot preferred. 



30 
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The term "beteroaryl" as utilized herein is 
intended to include the following het ex aromatic 
groups which may include X. T and Z substitution as 
indicated and wherein Q is -1T(X)-. -0-. -S-. -SO-, or 
-SO2-: 



15 



20 



25 
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5. 



10 



15 



20 




30 



wo 93/05058 



PCr/US92/07508 



- 29 - 

The aryl or aromatic group may include 
phenyl or naphthyl which are optionally substituted 
by from one- to three-members independently selected 
from the group consisting of: alkyl, alkenyl, 

^ halogen, carboxyl , CHO, amino, mono-alkylamino , 
di-alkylamino, aminoalkyl, mono-alkylaminoalkyl , 
di-alkylaminoalkyl, alkylthio, alkylsulf inyl , 
alkysulf onyl , trif luoromethyl, amido, 
mono-alkylamido, dialkylamido, hydroxy, hydroxyalkyl . 

10 Rllo-alkyl, alkoxy, alkoacyalkyl , formamido, 
alkyl-C02-. f ormamidoalkyl , alkyl-CO^-alkyl- . 
carboxyl, alkyl-C02H, alkyl-02C-, alkyl-02C-alkyl-, 
and OR^l. 

15 ... 



20 



25 
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in the compound of formula I it is also preferred 
that: 

r2 is selected from: 
5 (1) hydrogen, 

(2) methyl, 

(3) ethyl, 

(4) propyl, 

(5) allyl, 

10 (6) R^^. 

(7) -C2_3a:lkyl-0E; and 

(8) -C2_3alkyl-0R^^ ; 
.r3 is selected from: 

<1) hydrogen, 
15 (2) hydroxy, 

(3) -OR^^, or 

r3 and R* taken together form a double bond; 
rIO is hydrogen, hydroxy, fluoro, or -OR^l; 
W is 0: and 
20 n is 2. 
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In one embodiment of the present invention, 
lieteroaryl is indole, which may be represented by: 



10 



15 



20 



25 



30 



or 




/ 
X 



wherein X, Y and Z are as defined above. 

Preferred compounds of the present invention 
are the compounds identified as follows: 

17-Ethyl-l,14-dihydroxy-12-[2«-(4"-(2-furanyl)methoxy- 
3"-methoxycyclohexyl)-l • -methylvinyl]-23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4"azatricyclo- 
[22 . 3 . 1 • 0* » 93octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l,14-dihydroxy-12-[2»-(4"-<2-furanyl)methoxy- 
3"-hydroxycyclohexyl )-l • -methylvinyl]-23 , 25-dimethoxy- 
13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4-a2atricyclo- 
[22 ,3.1.0*' 9]octacos-18-ene--2 ,3,10. 16-tetraone ; 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-hydroxy-3"-(2- 
f ur anyl )methoxycy clohe3r/l )-l • -methyl vinyl ] -23 , 25- 
dimeth03cy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 .3.1.0* » 9]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 
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17-Ethyl-l . 14-dihydroxy-12-C2 • -<4"-<2-thiophene )- 
methoxy-3"-methoxycyclohexyl )-l • -methylvinylD -23 , 25- 
dimetho^-13 . 19 .21 . 27-tetramethyl-ll, 28-dioxa-4-aza- 
tr i cyclot22 . 3 . 1 . o'^ • ^ ] oct acoE-18-ene-2 .3.10,16- 
5 tetraone; 

17-Ethyl-l . 14-dihydro=y-12-C2 • -C4"-(2-thiopheiie>- 
methoxy-3"-hydroxycyclohe3yl>-l • -methylvinyl J-23. 25- 
diniethoacy-13 . 19 , 21 . 27-tetr amethyl-ll . 28-dioxa-4-aza- 
1° tricycloC22,3.1.0**°Joctacos-18-ene-2,3,10,16- 

tetraone; 

17-Etliyl-l . 14-dihydro^-12-C2 ' -(4"-<3-thiophene)- 
■ methoxy-3"-liydrozycycloIie:^l)-l ' -methylvinylD -23 . 25- 
15 dimethoay-13 . 19 , 21 . 27-tetr amethyl-ll . 28-dioxa-4-aza- 
tr icyclo [22 . 3 . 1 . 0^ ' 9 ] octacos-18-ene-2 , 3 , 10 . 16- 
tetraone; 

17-Ethyl-l. 14-dihydroxy-12-C2'-<4--hydroxy-3"-(2-tliio- 

20 phene )methoxycyclobexyl )-l • -methylvinyl] -23 . 25- 

dimeth03cy-13 , 19 .21 . 27-tetr amethyl-ll .28-dioxa-4-aza- 

tr i cyclo [22 .3 . 1 . 0* • 9 ] octacos-18-ene-2 ,3.10.16- 
tetraone; 

25 17-Ethyl-l . 14-dihydroxy-12-[2 • -(4--hydroxy-3"-(3- 

thiopheiie)methoxycyclohexyl) -1 • -methylvinyl3-23 . 25- 

dimethoxy-13 , 19 , 21 . 27-tetr amethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 .3.1. 0^' 9]octacos-18-ene-2. 3 . 10 . 16- 
tetraone; 

30 
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17-Ethyl-l . 1 4-d ihy d r oxy-12- [ 2 • - ( 4"- ( 2-thi ophene ) oxy- 
3"-methoxycyclohexyl )-l ' -methylvinyl]-23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetrainethyl-ll . 28-dioxa-4-a2atr icyclo- 
[22 . 3 . 1 . 0* . 9] octacos-18-ene-2 ,3,10, 16-tetraone ; 

5 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(2-ben20thienyl)- 
oxy-3"-methoxycyclohexyl)-l '-methyl vinyl] -23 , 25-dime- 
thoxy-13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-azatr i- 
cyclo-[22 .3.1.0* • 9]octacos-18-ene-2 .3,10, 16-tetraone ; 

10 

17-Ethyl-1.14-dihydroxy-12-[2«-<4"-(5-indolyl)03£y-3"- 
methoxycyclohexyl )-l ' -inethylvinyl3-23 , 25-diniethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0* • 93octacos-18-ene-2 ,3,10, 16-tetraone ; 

15 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(5-indolyl)oxy-3"- 
hydroxycyclohexyl)-l ' -methylvinyl3-23 , 25-dimethoxy- • 
13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . d* . 9]octacos-18-ene-2 ,3,10, 16-tetraone ; 

20 

17-Ethyl-l , 14 , 20-tr ihydroxy-12-[2 ' -(4"-(5-indolyl)- 
oxy-3"-meth03ycyclohexyl)-l '-methyl vinyl]-23,25-di- 
methoxy-13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4-azatri- 
cyclo- [22 . 3 . 1 . 0* • 9 ] octacos-18-ene-2 ,3,10 , 16-tetraone ; 

25 

17-Ethyl-l, 20-dihydroxy-12-[2'-(4"-(5-indolyl)oxy-3"- 
methoxycyclohexyl )-l ' -methylvinyl]-23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tietramethyl-ll , 28-dioxa-4-azatricyclo- 
[22.3.1.0*>9] octacos-18-ene-2 ,3,10, 16-tetraone ; 



30 
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20 



25 



17-Ethyl-l-lxydroxy-12^t2 • -<4"-C5-indplyl)Pxy-3"- 
methoxycyclQhe^l)-l'-inethylyinyl3-23.25-diineth03cy- 

13 . 19 . 21 , 27-tetramethyl-ll . 28-dioxa-4-azatricyclo- 
C22 . 3 ! 1. 0^ . 9 joctacos-18-ene-2 ,3 , 10 . 16-tetraone.; 

17-Allyl-1.14-dihydro^-I2-C2'-<4"-<5-indolyl>oxy.3"- 
methoxycyclohe^l)-l'-inethylvinyl3-23.25-dimetbo^- 
13 , 19 . 21 , 27-tetraniethyi-Il ,28-dioxa^4-azatricyclo- 
-C22 . 3 • ^ ■ 0^ • ^]octacos-18-ene-2 . 3 , 10 .16-tetraone ; 

17-Allyl-ia4-dihydroxy-l2-C2'-<4--(5-indolyl)o^-3"- 
hydro3cycyclohexyl)-l • -inethylvinyl3-23., 25-dimetho^- 
13 , 19 . 21 . 27-t etramethyl-ll , 28-dioxa-4-azatr Icyclo- 
[22 . 3 ! 1 . 0* ' 93octacos-18-ene-2 . 3 , 10 . 16-tetraone; 

17-Allyl-1.14,20-trihydrosy-12-t2'-<4"-<5-indolyl)- 
oxy-3"-inethoxycyclohexyl)-l - -methylvinyl3-23 » 25^di- 
niethoxy-13 . 19 , 21 . 27-tetrametliyl-ll . 28-dioxa-4-azatr i- 
cycio-t22 .3.1. 0^ v93octacos-18-ene-2 , 3 . 10 .16-tetraone; 

17-Allyl-1.20-dihyaroay-12-C2'-(4"-<5-indolyl)oxy-3"- 
metlioxycyclohexyl)-l.'-methylvinylJ-23,25-diiiiethoxy- 
13 . 19 . 21 . 27-tetramethyl-l.l. 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 - 0^' 9] octacos-18-ene-2,:3 ^ 10 . 16-^tetraone ; 

17-EtIiyl-l . 14-dihydroxy-12-C2 • -(4"-C5-indolyl)oxy-3-- 
ethoxycyclohexyl )-l • -fl.ethylvinyl3-23 . 25-dimethoxy- 
13, 19 , 21, 27-tetraiiiethyl-ll, 28-dioxa-4-azatricyclo- 
[22 . 3 ! 1 . 0* • 9] octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 



17-Allyl-l,14-dihydroxy"12-[2'-(4"-(5-iiidolyl)03cy-3"- 
ethoxycyclohexyl)-l»-inethylvinyl]-23,25"dimethoxy- 
13 . 19 1 21 . 27-tetraiDethyl-ll , 28-dioxa-4-a2atricyclo- 
[22- 3 . 1 . 0^' 9]octacos-18-ene-2 , 3 , 10, 16-tetraone ; 

17-Allyl-l-hydroxy-12-[2'-(4"-(5-indolyl)oxy-3"- 
me thoxy cy c lohexyl ) -1 » -me thy 1 vi ny 1 ] -23 , 2 5-d ime thoxy- 
-13-rl-9 , 21 , 27-tetramethyl--l-lT28-dioxa-4-a2atricyclo- 
[22 . 3.1 . 0^ » 9]octacos-18-ene-2 .3,10, 16-tetraone ; 

17-Ethyl-1.14-dihydroxy-12-[2«-(4"-(l-N-2nethyl-5- 
indolyl)oxy-3"-inethoxycyclohexyl)-l '-methylvinyl]- 
23 , 25-diinethoxy-13 , 19,21. 27-tetrainethyl-ll , 28-dioxa-4- 
azatricyclo [22 . 3 • 1 . 0^ • ^ joctacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 

17-Ethyl-l , 14-dihydroxy-12-[2«-<4'«-(l-N-methyl-5- 
i nd oly 1) oxy-3 "-hy d r oxy cy cl ohexy 1 > -1 ' -me thy 1 vi nyl ] - 
23 , 25-dimethoxy-13 , 19 , 21 ,27-tetramethyl-ll , 28-dioxa- 
4-azatr icyclo[22 . 3 . 1 . 0* » 9]octacos-18-ene-2 ,3,10, 16- 
tetraone; 

17-Ethyl-l,14,20-trihydroxy-12-[2'-(4"-<l-N-methyl-5- 
indolyl)oxy-3*'-inethoxycyclohexyl)-l '-methylvinyl]- 
23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa- 
4-azatr icyclo[22 .3.1,0^* 9]octacos-18-ene-2 ,3,10, 16- 
-tetraone; 

17-Ethyl-1.14.20-trihydroxy-12-C2'-(4"-(l-N-methyl-5- 
indolyl)oxy-3"-hydroxycyclohexyl)-l "-methylvinyl]- 
23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
4-a2atr icyclo[22 .3.1.0*' 5]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 
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17-Etliyl-l . 20-dihydro^-12- C2 • _(4"-(l-N-iiiethyX-5- 
indolyl)oa£y-3"-ine1thoxycyclohexyl)-l ' -methylvinylj- 
23 . 25-dimethoxy-13 .19.21. 27-tetrainethyl-ll . 28-dioxa- 
4-iizatricyclo[22 ,3 .1.0^ . 9] oc1:acos-l8-ene-2 . 3 , 10 . 16- 
5 tetraone; 

17-Ethyl-l,20-dihydroxy-.12-[2^-(4"-(l-N-methyl-5- 
indolyl)oxy-3"-hydrosycyclohexyl>-l'-methylvinyl]- 

23 . 25-dimethox5r-13 . 19 .21 . 27-tetr amethyi-ll . 28-dioxa- 
- - — -i-oo o 1 . o4 . 9Trtr«'i-arns— 18— ene— 2. 3 , 10 , 16— 

tetraone,' 

17-Allyl-1.14-dihydroxy-12-C2'-(4"-<l-N-methyl-5- 
indolyl)oxy-3"-inethoxycyclohexyl)-l • -methylvinyll- 
15 23.25-dimethoxy-13.19.21,27-tetrainethyl-ll,2«-dioxa- 
4-lzatricycloE22 . 3 .1; 0^ • 9]octacos-18-ene-2 ,3 . 10 .16- 
tetraone; 

17-Allyl-l . l-^.20-trihydroxy-12-C2--CA"-(l-N-inethyl-5- 
20 iiidolyl)oxy-3"-methoxycyclohexyl)-l'-inethylvinyl]- 

23 . 25-dimethoxy-13 , 19 .21 . 27-t et ramethyl-ll , 28-di oxa- 
4-azatricycloC22.3,1.0*'9]octacos-18-ene-2.3.10.16- 

tetraonej 

25 i7_Allyl-l , 20-dihydroxy-12-C2 • -(4"-(l-N-methyl-5- 
indolyl ) oxy-3"-metho:rjrcyclohe3rjrl )-l • -methylvinyl J- 
23 . 25-dimethoxy-13 , 19 . 21 . 27^tetrainethyl-ll . 28-dioxa- 
4-a2atricycloC22.3 .1 . 0^ • 93octacos-18-ene-2 . 3. 10 .16- 
tetraone ; 
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17-Ethyl-l-hydroacy-12-[2*-(4"-(l-N-methyl-5-indolyl)- 
o^-3"-niethoaEycyclohexyl)-l ' -methyl vinyl]-23 , 25- 
dimethoxy-13 ,19,21, 27-tetramethyl-ll . 2.8-dioxa-4-aza- 
tricyclo[22 .3.1.0* » 9] octacos-18-ene-2 ,3,10, 16- 
^ tetraone; 

l7-Ethyl-1.14-dihydro3y-12-t2'-(4"-(l-N-methyl-5- 
indolyl)oxy--3"-ethoxycyclohe3yl>-l'-methylvinyl]- 
23 r25-diinethoxy-13 ,19 ,-21, 27-tetramethyl-ll, 28-dioxa- 
10 4-azatr icyclo[22 .3.1. 0*» 9]octacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 

17-Allyl-l,14-dihydioxy-12-[2'-(4"-(l-N-methyl-5- 
indolyl)oxy-3"-ethoxycyclohexyl)-l '-methyl vinyl]- 
1^ 23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4- 
azatricyclo[22 .3.1. 0* •^]octacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 

17-Ethyl-l , 14-dihydroxy-12-[2 '-<4•'-(l-N-ethyl-5- 
2° indolyl)oxy-3"-ethoxycyclohexyl)-l '-methylvinylD- 

23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4- 
azatricyclo[22 .3.1. 0* » 9] octacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 

25 i7_Allyl-l-hydroxy-12-[2 «-(4"-(l-N-methyl-5-indolyl)- 
- oxy-3"-methoxycyclohexyl ).-! ' -methyl vinyl] -23 , 25- 
dimethoarsr-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4-aza- 
tr icyclo [22 . 3 . 1 . 0* • ^ ]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 
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17-Ethyl-i . 14-dihydroxy-12-[2 r-(4"-(l-N-niethyi-5- 
indolyl ) oxy-3 ..-allyloxycyclohexyl )-l ' -methylvinyl] - 
23 .25-dimetho^-13 , 19 . 21 * 27-tetr amethyl-ll .28-dioxa- 
4-a2atticycloE22.3 . 1. 0^' 9]octacos-18-ene-2, 3 . 10. 16- 

5 tetraone; 

17-Ethyl-l-hydr02cy-12-C2'-C4"-<l-N-inethyl-5-indolyl)- 

oxy-3"-allyloxycyclohexyl )-l ' -methylvinyl ]-23 . 25- 
diinetho^-13 . 19 . 21 . 27-tet r amethyl-11 , 28-dioxa-4-aza- 

io tricycloC22.3.1.0^'93octacos-18-ene-2,3,10.16- 
tetraone; 

-17-Ethyl-l . I4-dihydtoxy-12-[2' -(4v_<l-K-metIiyl-5- 
indolyl)03r5r-3"-n-propyloxycyclohexyl>-l'-metliylviiiyl]- 

15 23 . 25-d ime thoxy-13 . 1 9.21 , 27-t et r amethyl-ll . 2 8-di oxa-4- 
azat r icydo C22 .3.1.0^' 9] octacos-18-ene-2 .3 . 10 , 16- 
tetraone ; 

17-Etbyl-l-hydroxy-12-C2'-(4"-(l-N-methyl-5-indolyl)- 
20 osy-3"-n-propyloxycyclohexyl)-l ' -inethylvinyl] -23 . 25- 
dimethoxy-13 . 19 .21 . 27-tetrainethyl-ll . 28-dioxa-4-aza- 
tr icycloC22 . 3 . 1 . 0^ • ^ ] octacos-18-ene-2 . 3 . 10 , 16- 
tetraone; 

25 17-Ethyl-l . 14-dihydroxy-12^C2 - -(4"-(l-N-methyl-5- 

indolyl)oxy-3"-i-p±opyloxycyclohexyl)-l'-inetliylviiiyl]- 
23 . 25-dimethoxy-13 . 19 . 21 . 27-tetr amethyl-ll . 28-dioxa-4- 
azatricycloC22v 3.1. 0^- 9]octacos-18-ene-2 . 3 . 10, 16- 
tetraone; 
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17-Ethyl-l , 14-d ihyd roxy-12- [2 • - ( A"- ( l-N-ethyl-5- 
i ndolyl ) oxy-3 • '-me thoxy cy c lohexy 1 ) -1 ' -me thyl vi ny 1 ] - 
23 . 25-diinethoxy-13 ,19,21 , 27-tetramethyl-ll , 28-dioxa-4- 
azatricyclo[22 .3.1.0^' 93octacoB-18-ene-2 ,3,10, 16- 
5 tetraone; 

17-Ethyl-l , 14 , 20-t r ihydro3cy-12- [2 • - ( 4"- ( l-N-ethyl-5- 
indolyl )02y-3''-methoxycyc-lohe3qrl )-l-' -methylvinyl] - 
- - 23 , 25--dimethoxy-13 .19 , 21 , 27-tet-r-ainethyl-ll , 28-dioxa-4- 
a2atricycloC22 .3.1 = 0* » 93octaGOS-18-ene-2, 3 , 10 , 16- 
tetraone; 

17-Ethyl-l , 2b-dihydroxy-l2- 1 2 • - < 4"- ( l-N-ethyl-5- 
i ndolyl )osy-3"-methoxycyclohexyl)-l '-me thyl vinyl 3- 
15 23 , 25-d imethoxy-13 ,19,21, 27-t et ramethyl-11 , 28-d ioxa-4^ 
azatricyclo[22 .3.1. 0*' 93octacos-18-ene-2 ,3,10, 16- 
tetraone; 

17-Ethyl-l, 14-dihydroxy-12-C2'-(4"-<l-N-ethyl-5- 
20 indolyl)oxy-3"-hydroxycyclohexyl)-l '-methylvinyl]- 

23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4- 
azatricyclo[22 .3.1.0*' 9]octacos-18-ene-2 , 3, 10 , 16- 
tetraone; 

25 17-Allyl-l , 14-dihydroxy-12-[2 •-(4••-<l-N-ethyl-5- 
indolyl)oxy-3"-methoxycyclohexyl)-l '-methylvinyl]- 
— 23r25-dimethoxy-13 , 19-* 21 , 27-tetramethyl-ll , 28-dioxa- 
4-azatricyclo[22 .3.1.0*' 9]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 
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17-Allyl.-1 . 14 i 20-trihydr oxy-12- [2 • - (.4"- (l-N-ethyl-5- 
indolyl >03y-3"-methox>rcyclohexyl )-l ' -methyl vinylj- 
23 . 25-diinethoxy-13 , 19 ,21 , 27-tetrainethxl-ll ,28-dioxa- 
4-aza-t^icyclot22. 3 . 1 . 0*. 9 joctacos-18-ene-2 ,3 , 10, 16- 
^ tetraone; 

17-Allyl-i , 20-dihydroxy-r 12-1:2 • -<4"-<l-N-etliyl-5- 
indolyl)oxy-3"-inethosycyclolie2yl)-l^-iiiethylvinyll- 
- 23-,-25-dimethoxy-13 , 19 , 21 . 27-tetramethyl-ll . 28-dioxa- 
10 4-azatricyclo[22 .3. 1 . 0^' ?3octacos-18-ene-2. 3, 10 , 16- 
tetjraone; 

17_Allyl-l , 14-dihydroxy-12- [2 ' - (4"- <l-N-ethyl-5- 
iiidolyl)o3Ey-3"-hydroxycyclohe3cyl)-l • -methyl vinyl] - 
15 23 , 25-dimetho3cy-13 , 1? ,21 . 27-tetramethyl-ll , 28-dioxa-4- 
azatricycloE22 . 3.1. 0^ » 9loctacos-18-ene-2 ,3,10 ,16- 
tetraone; 

17-Ethyl-l-hydroxy-12- 1 2 ' - ( 4"-Cl-N-ethyl-5-indolyl )- 
oxy-3"-metho^cyclohexyl>-l ' -^methylvinyl J-23 ,25- 
dimethoxy-13 , 19, 21 , 27-tetramethyl-ll, 28-dioxa-4-aza- 
tr icyclo [22 . 3 . 1 . 0^ ] octacos-18-ene-2 , 3 , 10 , 16- 

tetraone; 

25 i7_Allyl-l-hydroxy-12-C2'-(4"-Cl-N-ethyl-5-indDlyl)- 
oxy-3"-metho:r5rcyciohexyl)-l ' -methylvinyl] -23 ,25- 
dimethoxy-13 ,19,21, 27-tetramethyl-ll . 28-dioxa-4-aza- 
tr icydlo [22 . 3 . i . 0^ » ' J octacos-18-ene-2 ,3,10, 16- 
tetraone; 
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17-Allyl-l , 14-dihydroxy-12-[2 ' -<4"-(l-N-ethyl-5- 
indolyl)oxy-3"-ethoxycyfclohexyl>-l '-methyl vinylD- 
23 , 25-diinethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
4-azat ri cyclo[22 .3.1.0^ . 9]octacos-18-ene-2 ,3,10, 16- 
^ tetraone; 

17-Ethyl-l,14-dihydi02y-12-[2»-(4"-<l-N-propyl-5- 
indolyl )oxy-3 "-methoaiycyclohexyl )-l • -methylvinyl 3- 
23 , 25-dimethoxy-iy, 19"," 21 , 27^tetrainethyl-il , 28-dioxa- 
1° "4-a zat r i cycl o [ 22 .3.1.0*' 93octacos-18-ene-2 ,3 , 10 ,16- 
tetraone; 

17-Ethyl-l , 14 , 20-tr ihydroxy-12-[2 • -(4"-<l-N-propyl-5- 
■ indolyl)oxy-3"-inethoaQrcyclohexyl)-l'-metliylvinyl]- 
^5 23, 25-dimethoxy-13, 19,21. 27-tetrainethyl-ll,28-dioxa- 
4-azatricycloC22 .3.1.0*' 93octacos-18-ene-2 ,3 , 10 , 16- 
tetraone; 

1 7 -Ethy 1-1 , 2 0-d ihy d r oxy-12- [ 2 • - ( 4"- < l-N-pr opy 1-5- 
2° indolyl)oxy-3"-meth03{ycyclohexyl)-l '-methyl vinylD- 

23 , 25-d imethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa- 
4-azatricyclo[22 .3.1. 0*' ^]octacosrl8-ene-2 , 3 , 10 , 16- 
tetraone ; 

25 17-Ethyl-l , 14-dihydroxy-12-[2 ' -(4"-Cl-N-propyl-5- 
indolyl)oxy-3"-hydrosycyclohexyl)-l • -methylviIlyl3- 
23,25-dimethdxy-13,"19,21,27-tet^amethyl-ll,28-dioxa- 
4-azlitricyclo[^22 . 3 . 1 . 0*' 536ctacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 
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7-Ethyl-1..14,20-trihydroxy-12-E2'-(4"-(l-N-propyl-5- 
indolyl )oxy-3'^-hydroxycyclohexyl)-l ' -methyl vinyl J- 
23 . 25-dimethoxy-13 , 19 , 21 . 27-tetxamethyl-ll . 28-dioxa- 
4-azatricycloC22 . 3 . 1 . 0^ . 9]octacos-18-ene-2 . 3 . 10. 16- 
5 tetraone ; 

17-Ethyl-l , 20-dihydroxy-12-[2 • -(4"-(l-N-propyl-5- 
indolyl)oxy-3"-hydroxycycioheayl)-l • -methylvinyl J- 
23. 25^dimethpxyTl3 ,19 .21 ,27-tetrainethyl-ll. 28-dioxa- 
10 4_azatr icyclo[22 . 3 .1 .0^ . 93octacos-18-ene-2 , 3 . 10 . 16- 
tetraone; 

17-Allyl-l , l4-diliydroxy-12^C2 •-(4"-(l-N-propyl-5- 
indolyl)oxy-3"-inethoxycyclohexyl)-l'.-methyivinyl]- 
23 . 25-dimetho^-13 . 19 . 21 . 27-tet tamethyl-ll . 28-dioxa-4- 
azatricyclo[22. 3 . 1 . 93octacos-I8-ene^2.3 . 10 . 16- 
tetraone; 



15 



20 



17-Allyl-1.14.20-trihydroxy-12-C2'-(4"-(l-N-propyl-5- 

indolyl>oxy-3"-inethoxycyclohexyl)-l • -methylvinyl]- 
23..25-diiiietho3cy-13.19.21.27-tetrametIiyl-ll,28-dioxa-4- 

- azatricycloC22 .3 .1.0* . 9]octacos^l8-ene-2 , 3,10. 16- 



tetraone; 



25 i7_Allyl-l,20-dihydroacyr-1.2-[2'-C4"-(l-N-propyl-5- 

indolyl)oxy-3^«-methoxycyclohexyl)-l • -methylvinyl] - 

23 .25-dimetho3cy-13 , 19T21.-27-tettamethyl-ll. 28-dioxa-4. 

.. azatricycloC22-. 3 . 1 , 0* ^9]octacos-18-ene-2 ,3.10, 16- 

tetraone; 
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17"Allyl-l,14^dihydroxy-12-C2«-(4"-<l-N-propyl-5- 
i nd oly 1 ) oxy- 3 • '-hy d r oxy cy c 1 ohexy 1 ) - 1 ' -me t hy 1 vi ny 1 ] - 
23 , 25-diinethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
5 4-azatr icyclo[22 .3.1.0*- 9]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 

17-Ethyl-l-hydroxy-12-[2'-(4"-(l-N-propyl-5-indolyl)- 
bxy-3"-methoxycyclohe3yl)-l ' -methylvinyl3-23 , 25- 
diinethoxy-13 , 19 . 21 , 27-tetf ametlyrT-11 , 28-dioxa-4-a2a- 
tricyclo[22 . 3 . 1 . 0* • 9]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 

- — l-7--Ariy l--^l-hyd roxy=^l-2=[ 2 < 4"- < l-N-propyl-5- indolyl ) - 
oxy-3*'-methoxycyclohexyl)-l *-methylvinyl]-23 ,25- 
d iinethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4-a2a- 
tr icycloC22 . 3 . 1 . 0* » 9]octacos-18-ene-2 , 3,10,16- 
tetraone; 

-° 17-Ethyl-l,14-dihydroxy-12-C2'-(4"-(l-N-pxopyl-5- 
indolyl)oxy-3"-ethoxycyclohexyl)-I'-methylvinyl]- 
23 , 25-d imethoxy-13 ,19 . 21 , 27-tetramethyl-ll , 28-dioxa-4- 
azatr icyclo[22 .3.1 .0* * 9]octacos-18-ene-2 ,3,10, 16- 

tetraone; 

15 

-17^Ariyl~-l , 14-dihydroxy-12-[2 ^-(4"-(l-N-propyl-5- 
indolyl ) oxy-3 "-ethoxycyclohexyl )-l ' -methylvinyl ] - 
23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
4-a2atr icyclo[22 . 3 . 1 . 0* » 93octacos-18-ene-2 ,3,10, 16- 
^ tetraone; 
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17-Ethyl-l,14-dihydroxy-12^[2'-(4"-(l-N-allyl-5- 
indolyl)oxy-3"-metho3ryrcyclohexyl)-l'-inethylvinyl3- 
23 . 25-diinethoxy-13 . 19.21. 27-t etrainetliyl-11 . 28-di bxa- 
4-izatricycloC22 .3 .1 . 0^ • 93octacos-18-ene-2. 3 . 10 . 16- 
5 tetraone; . 

17-Ethyl-1.14.20-trihydroxy-12-C2«-(4"-(l-il-allyl-5- 
indolyl)o3q,r--3''-methoxycycl-ohexyl>-li-inethylviiiylJ- 
23 r25-diinethosy-13 .19 . 21 . 27-tetraiiiethyl-ll , 28-dioxa- 
10 A-azatr icycloC22 .3 - 1 . 0^ • 9]octacos-18-ene-2 .3 . 10 . 16- 
tetraone; 

17-Etliyl-l . 20-diliydroxy-12-[2 -(4"-(l-H-allyl-5- 
indolyl ) oxy-3"-methoxycyclohexyl )-l • -methylvinyl] - 
15 23 . 25-d iiaethoxy-13 , 19 . 21 , 27-tet ramethyl-11 . 28-dioxa- 
4-azatr icyclo[22 . 3 . 1 . 0* ' ^] octacos-18-ene-2 , 3 . 10 , 16- 

tetraone; 

17-Ethyl-1.14-dihydroxy-12-C2^-<4"-(l-N-allyl-5- 
20 indolyDoxy-S-'-hydroxycyclohexyD-l '-methylvinyl 1- 

23 , 25-dimethosy-13 . 19 . 21 , 27-tetrainetliyl-ll .28-dioxa- 
-4-azatricycloC22 .3 . 1 . d* . 9 joctacos-18-ene-2 ,3 . 10 ,16- 
tetraone; 

25 17-Ethyl-l . 14 . 20-tr ihydro^-12- [2 • -(4"-(l-N-allyl-5- 
-indolyl>oxy-3"-hydroxycyclohexyl)-l • -methylvinyl ]- 
- 23 , 25-dimethoxy-13 .19 ,21 . 27-tetramethyl-ll . 28-dioxa- 
4-azatricycloC22 .3 .1.0* octacos-18-ene-2 , 3 . 10 . 16- 
tetraone; 
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17-Etliyl-l ,20-dihydroaty-12-[2 •-<4"-<l-N-allyl-5- 
indolyl)oxy-3"-hydroxycyclohexyl)-l '-methylvinyll- 
23 , 25-dimethoxy-13 ,19,21, 27-tet ramethyl-11 , 28-dioxa- 
4-azatricyclo[22 .3.1.0^' 9]octacos-18-ene-2 ,3,10,16- 
^ tetraone; 

17-Allyl-l,14-dihydroxy-12-[2«-(4"-(l-N-allyl-5- 
i nd o ly 1 ) oxy- 3 "-me thoxy cy c 1 oheay 1 ) -1 ' -me t hy 1 vi ny 1 ] - 
23 , 25-dimethoxy-13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa- 
10 4»azatricyclor22 . 3 . 1 . 0^ » ^3octacos-18-ene-2, 3 , 10 , 16- 
tetraone; 

17-Allyl-l , 14 , 20-t r ihyd r oxy-12- [2 • - ( 4"- ( l-N-allyl-5- 

indo"lyl")oxy=^3"=methoxycyclohexyl)-l'-met-hy-l-vinyl]- 

23 , 25-dimethoxy-13 ,19.21, 27-tetramethyl-ll , 28-dioxa- 
4-a2atr icyclo[22 . 3 . 1 . 0* • 9]octacos-18-ene--2 , 3 , 10 , 16- 

tetraone; 

17-Allyl-l , 20-d ihyd roxy-12- [2 • - (4"- ( l-N-allyl-5- 
2° indolyl)oxy-3"-methoxycyclohexyl)-l'-methylvinyl]- 

23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
4-azatr icyclo[22 .3.1,0* . 9]octacos-18-ene-2 , 3 , 10 , 16- 
tetraone ; 

25 17-Allyl-l, 14-dihydroxy-12- [2* -(4"-<l-N-allyl-5- 
-indolyi)oxy-3"-hydroxycyclohexyl-)-l ' -methylvinyl]- 
23 , 25-dimethoxy.-13 ,19 , 21 , 27-tetramethyl-ll , 28-dioxa-4- 
azatricyclo[22; 3.1. 0*' 93octacos-18-ene-2 ,3 , 10 , 16- 
tetraone; 
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17-Ethyl-l-hydroxy-12-[2 ' -<4"-(l-N-a.llyl-5-indolyl)- 
oxy-3 "-inet:hoxycyclohexyl )-I • -methyivinyl]-23 , 25^ 
dimethoaryr-is ,19 ,21, 27-tetramethyl-ll,2.8-dioxa-4-a2a- 
tricyclo [22 .3.1. 0* • 9] octacos-18-ene-2 .3 , 10 , 16- 
5 tetraone; 

17-Allyl-l-hydroxy-12-[2 •-(4"-(l-N-allyl-5-indolyl)- 
cxy-3 "-methozycyclohexyl )^ll=methyl vinyl] -23 , 25- 
--diinetlioay=13:..19 . 21 , 27-tetramethyi-ll ,28-dioxa-4-aza- 
^° tr icyclo [22 . 3 . 1 . 0* • 9]octacos_18-ene-2 .3,10, 16- 
tetraone; 

17-Ethyl-l , 14-dihydr 03Qr-12- [2 • - <4»'- (l-N-allyl-5- 
indolyl)oxy-3"-eth03[ycyclohexyl:)-l ' ^met hyl vinyl]- 
15 23 , 25-diinethoxy-13 . 19 , 21 , 27-tetramethyl-ll , 28-dioxa- 
4-azatr icyclo [22.3.1.0^'^ ] oct acos-18-ene-2 , 3 ,1 0,16- 
tetraone; 

17-Allyl-l ,14-dihydroxy-12-[2 •-(4"-(l-N-allyl-5- 
20 indolyl)oxy-3"-ethoxycyclohexyl)-l'-met]iylvinyl]- 

23. 25-diinethoxy-13 , 19, 21 , 27-tetrainethyl-ll . 28-dioxa- 
4-azatr icyclo [22. 3 . 1 . 0^ » 9]octacos-18-ene-2 , 3 .10 , 16- 
tetraone; 

25 17-Ethyl-l , 14-dihydro3!y-12-[2 • -(4•'-<l-N-2-hydroxy- 
etllyl-5-indolyl>oxy-3''-methoxycyclGhesyl)-l" -Inethyl- 
vinyl]-.23.. 25-diinethoxy-13 .19 . 21v27-tetramethyl-ll, 28- 
dioxa-4-azatr icyclo [22 . 3 . 1 . 0^ • ^ ] oct acos-18-ene- 
2 , 3 , 10 , 16-tetraone : 



30 



17-Ethyl-l , 14 , 20-trihydroxy-12-[2 • -(4«'-<l-N-2-hydroxy- 
ethyl-5-indolyl)oxy-3"-methoxycyclohexyl)-l'-methyl- 
vinyl]-23 , 25-diinethoxy-13 ,19,21, 27-tetiainethyl-ll , 28- 
dioxa-4-a2atricyclo[22 .3.1.0^ • 9]octacos-18-ene- 
2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l,20-dihydroxy-12-[2'-(4"-(l-N-2-hydroxy- 
-et-hyl-5-indolyl)oxy-3"-inethoxycyclohexyl)-l ' -methyl- 
vinyl]-23 , 25-dimethoxy-13 ,19,21, 27-tetrainethyl-ll , 28- 
dioxa-4-azatricyelGC22 .3 . 1 , 0* » 9^octacos-18-ene- 
2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l , 14-d ihydroxy-12- [ 2 •-( 4"- ( l-N-2-hydroaEy- 
~^fiyl^5-indolyr)^^^3''-hydTOxycyclohe3yl)-l • -methyl- 
vinyl]-23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28- 
dioxa-4-azatricyclo[22 . 3 . 1 , 0* • 9]octacos-18-ene- 
2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l, 14, 20-trihydroxy-12-[2'-(4"-(l-N-2-hydroxy- 
ethyl-5-indolyl ) oxy-3"-hydroxycyclohe:^l ) -1 ' -methyl- 
vinyl]-23 , 25-dimetho3ty-13 , 19 ,21 , 27-tetramethyl-ll , 28- 
dioxa-4-azatricyclo[22 .3.1.0^ • 9]octacos-18-ene- 
2 , 3 , 10 , 16-tetraone ; 

17=Ethyl-l ,20^dihydroxy-12-[2 '-(4"^(l^N-2-hydroxy- 
■ethyl-5-indolyl)oxy-3•'-hydroxycyclohexyl)-l ' -methyl- 
vinyi-]---23 , 25--dimethoxy-13 ,-19 ,-2-1 i-2-7-tetramethyl-ll , 28- 
dioxa-4-azatricycloi:22 .3.1.0*' 9] octacos-18-ene- 
2,3,10, 16-tetraone ; 
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17-Allyl-l. 14-dihydro^-12-C2 ' -(4"-a-N-2-hydro^- 
ethyl-5-indolyl)oxy-3"-inethoxycy<;lohexyl)-l '-methyl- 
vinyl J-23 , 25-dimethoxy-13 , 19 . 21 , 27-tetrametliyl-ll ,28- 
dioxa-4-azatricyclo[22. 3 .1 . 0*. 9]octacos-18-ene- 
5 2,3,10,16-tetraone; 

17-Allyl-l . 14-dihydroxy-12- [2 ' - (4"-( 1-N-hydr o^ethyl- 
-5-indolyl-)w=3''=hydro^cyclohexyl)-l'-methylvinyl]- 

23 v25-dimethoxy-13 . 19 . 21 , 27-tetr ame.thyl-11 . 28-dioxa- 

l« 4-azatricyclo [22 . 3 .1 . « 9 joctacos-18-ene-2 ,3,10, 16- 
tetraone; 

17-Etbyl-1.14-dihydro3y-12-C2'-(4"-(l-N-benzyl-5- 
indolyl)oxy-3"-metliosycyclohex5rl)-I-'-inethylviiiyl3- 
15 23.25-dimethoxy-13.19.21,27-tetrainethyl-ll,28-dioxa-4- 
azatr icyclo C22 .3 . i. 0*. 9]6ctacos-18-ene-2 . 3,10 ^6- 
tetraone; 

17-Ethyl-1.14.20-trihydroxy-12-C2^-(4"-(l-N-l>enzyl-5- 
20 indolyl)oxy-3"-methoxycyclohe?yl)-l'-methylvinyl3- 

23 . 25-diinethoxy-13 . 19 , 21 , 27-t et r amethyl-ll . 28-dioxa-4- 
azatricyclo[22. 3.1.0*. 9]octacos-18-ene-2.3,10. 16- 

tetraone; 

25 -17lEthyl-1.20-'dWd?oxy-12-C2^-C4^-^^^^^ 

indolyl )oxy-3 "-methoxycyclohexyl )-l ' -methylvinyl] - 
-23 . 25-dimetfio^-13 .19 , 21 , 27-tet r^ethyl-11 . 28-dioxa-4. 
azatricycloC22. 3.1,0*. 9]octacos-18-ene-2.3.10.16- 

tetraone; 
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17-Ethyl-l,14-dihydroxy-12-[2«-(4"-(l-N-benzyl-5- 
indolyl)oxy-3"-hydroxycyclohexyl)-l • -methylvinylD- 
23 , 25-dimethoxy-13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa- 
4-azatricyclo[22 . 3 . 1 . 0* • 9]octacos-18-ene-2 ,3,10, 16- 
^ tetraone; 

17-Ethyl-l,14,20-trihydroxy-12-[2'-<4"-(l-N-benzyl-5- 
— ^indoly 1") oxy-3"-hydro^cy c-l-ohexyl) -I-'— methylvinyl ] - 
— 23-r25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa- 
^° 4-azatricyclOL22 .3 . 1 . 0^' 9]octacos-18-ene-2,3 . 10 . 16- 
tetraone ; 

17-Ethyl-l,20-dihydroxy-l2-[2'-(4"-(l-N-benzyl-5- 
indoiyi) oay-3 "-^yd roxycycTohexyl ) -1 ' -methy Iviny 1 3 - 
IS 23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
4-azatr icyclo[22 . 3 . 1 . 0^ » 9]octacos'-18-ene-2 , 3 ,10 , 16- 
tetraone ; 

17-Allyl-l,14-dihydroxy-12-[2'-(4"-(l-N-ben2yl-5- 
20 indolyl)oxy-3"-methoxycyclohexyl)-l '-methylvinylD- 

23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa- 
4-azat r icyclo[22 .3.1.0^' 9]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 

-25 — i7-Aliyl-l , r472'0-t"rihydroxy-12-[2 • -(4••=^Cl-N-benzyl-5- 
iIldolyl)oxy-3"-metho3ycyclohexyl)-l • -methylvihyl]- 
"23 , 25-dimeth6xy-13-- 19 ."21 , 27-tetramethyl^ll , 28-dioxa- 
4-azatr icyclo[22 .3.1,0^' 9]octacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 

30 
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17-Allyl-l , 20-dihydroxy-12-[2 r-(4'^-(l-N-benzyl-5- 
iiidoly 1 ) oxy-3 "-methoxycyc lohexyl ) -1 ' -methylviny 1] - 
23 , 25-dimeth02y-13 . 19 . 21, 27-tetrainethyl-ll , 28-dioxa- 
4-azatxicyclo [22 . 3 .1 . 0^. 5]octacos-18-ene-2 , 3, 10 , 16- 
^ tetraone; 

17-Allyl-l . 14-dihydroxy-12- [2 • - (4•"-(l-N-ben2yl-5- 
indolyl')oxy-3"-liyd^^^cyc^ohexyli>-l'-met^^^^ 
23 , 25-d imeth03jy^l3 ,19,21. 27-t et r amethyl-ll , 28-d i oxa- 
10 4-azatricycloE22. 3 .1 . 0^' 93octacos-18-ene-2.3, 10 , 16- 
tetraone ; 

17-Etliyl-l-hydroxy-12-[2 • -(4"-(l-N-l?enzyl-5-indolyl)- 
oxy-3"-inetho3C7cyclohexyl >-l ' -methylvinyl ] -23 , 25- 
^5 diinetlxoxy-13 , 19 , 21 ,27-tetramethyl-ll , 28-dioxa-4-aza- 
tr icycloC22 .3.1.0^' 9joctacos-18-ene-2 , 3 , 10, 16- 
tetraone; 

17-Allyl-l-hydroxy-12-C2 • -(4"-(l-N-benzyl-5-indOlyl)- 
^° oxy-3"-methoxycyclohe3cyl)-l '-methylvinylD-23,25- 

diinethoxy-13 . 19 , 21 ,27-tetramethyl-ll , 28-dioxa-4-a2a- 
tr icyclo[22 .3.1.0^ . 9] octacos-18-ene-2 .3,10, 16- 
tetraone ; 

25 17-Ethyl-l . 14-dihydroxy-12- [2 ' -(4"-(l-N-benzyl-5- 
. iifdolyl)oaqr-3"-^etlioxycyclohexyl)-l ' -methylvinyl ]- 
23 . 25-diinethoxy-13, 19 ,21 , 27-tetramethyl-ll . 28-dioxa- 
4-azat r icyclo 1:22 . 3 , 1 . 0* ' ^ ] octacos-18-iBne-2 ,3 ,10,16- 
tetraone;: 
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17-Allyl-l,14-dihydroxy-12-C2'-(4"-(l-N-beii2yl-5- 
indolyl)oxy-3"-ethoxycyclohexyl>-l ' -me thy I vinyl ]- 
23 , 25-dimethoxy-13 ,19,21, 27-tetrainethyl-ll , 28-dioxa- 
4-azatricyclo[22 . 3 . 1 . 0^ • octacos-18-ene-2 ,3,10, 16- 
5 tetraone; 

17-Ethyl-l,14-dihydroxy-12-[2 '-(4•'-(l-N-cyclop^opyl- 
5-indolyl)oxy-3"-methoxycyclohexyl)-l '-methylvinyl]- 
"23 , 25-^methoxy-13 , 19 , 21 727-tetramethyl-ll . 28-dioxa- 
10 " ~"4"^'zatrrcyclo[22 • 3 - 1. 0^ » 9]octacos-18-en€-2 ,3,10, 16- 
tetraone ; 

17-Ethyl-l,14-dihydroxy-12-[2 '-(4"-(l-N-cyclopropyl-5- 
i nd oly 1 ) oxy-3 "-hy d r oxy cy c 1 ohexyl ) -1 ' -me thy 1 vinyl 3 - 
15 23 , 25-dimethoxy-13 ,19.21, 27-tetramethyl-ll , 28-dioxa- 
4-azatricyclo[22 ,3.1.0^ • 9joctacos-18-ene-2 ,3,10, 16- 
tetraone; 

17-Allyl-l,14-dihydroxy-12-C2»-(4"-(l-N-cyclopropyl-5- 
20 indolyl)oxy-3"-methoxycyclohexyl>-l '-inethylvinyl]- 

23 , 25-dimethoxy-13 ,19.21, 27-tetramethyl-ll , 28-dioxa-4- 
azatr icyclo[22 .3.1.0^ » ^]octacos-18-ene-2 .3,10, 16- 
tetraone ; 

25 17-Allyl-l,14-dihydroxy-12-[2 •-(4"-(l-N-cyclopropyl-5- 
indolyl)oxy-3"-hydroxycyclohexyl)-l ' -methylvinyl]- 

- 23,25-dimethoxy-137l9.21,27-tetrainethyl-ll,28-dioxa-4- 
"azatf icyclo[22 .3.1 . 0^ « 9]Qctacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 
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17-Ethyl-l , 14-dihydrox5r-12-Ci' -(4"-a-N-cyclopxopyl-5- 
indolyl)b:^-3"-ethoxycyciohe:qrl)-l ' -methy 1 vinyl] - 
23 , 25-diinethosy-13 , 19 . 21 , 27-tetrainethyl-ll , 28-dioxa-4- 
azatricyclo[22 . 3. 1 . 0^' 5]octacos-18-ene'-2 ,3 , 10 , 16- 

5 tetraone; 

17-Allyl-l, 14-dihydroacy-i2-C2 • -(4"-Cl-N-cyclopropyl-5- 
indolyl)osy-3"-etho3ycyclohe?yl)-l '-methyl vinyl]- 
23 , 25 -dimethoxy-13 ,19,21,27-t et r amet^l-i 1 , 2 8-d i oxa-4- 
10 - azatri cyclo [22 . 3 . 1 . 0^ » ^ ] octacd"s-18-ehe-2 »3 , 10 , 16- 
tetraone; 

17-Ethyl-l-hydroxy-12-i:2 ' -(4"-Cl-N-cycloptopyl-5- 
indolyl)osy-3"-methoxycyclohexyl)-l » -methylvinyl]- 
15 23 , 25-dimethoxy-13 . 19 . 21 , 27-tetramethyi-ll , 28-dioxa-4- 
azatricycloE22. 3 ,1 , 0*» 9]octacos-18-eiie-2 . 3 . 10 . 16- 

~^traone; 

17-Allyl-l-liy dr oxy-12- C 2 ' - ( 4"- ( 1-N-cy clop r opyl-5 - 
20 indolyl)o3cy-3"-metho3tycycloliexyl)-l ' -methy IvinylJ- 

•23 , 25-dimeth03y-13 , 19 ,21. 27-tetrainethyl-ll , 28-dioxa- 
4-azatricyclaE22 .3.1.0*' 9 JoctacoB-18-ene-2 ,3,10, 16- 
tetraone; 

25 i7-Ethyl-l-hydroxy-i2-t2 • -(4"-methoxy-N-t^yptophanyl- 
ca^bonylmetho2y-3"-methoxycyclohe3yl)-l ' -methyl vinyl ]- 
23 ,25-dimetho3y^l3 . 19 , 21 , 27-tetramethyl-ll ,28-dioxa-4- 
azatricyclo[22. 3 .1.0* . 9]octacos-18-en.e-2 , 3 , 10 , 16- 
tetraone; 
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17-Ethyl-l-hydroxy-12-[2'-(4"-(3-indolyl)ethylamino- 
carbonylmetho2y-3"-methoxycyclohexyl)-l'-methylvinyl]- 
23 , 25-dimetho3y-13 ,19,21, 27-tetramethyl-ll , 28-dio3ca-4- 
azatr icyclo[22 . 3 . 1 . 0^ » 9]octacos-18-ene-2 ,3,10, 16- 
5 tetraone; 

17-Ethyl-l , 14-dihydroxy-12-[2 '-(4"-(l-(3-hydroxy- 
propyl)indol-5-yl)oxy-3'*-methoxycyclohexyl)-l '-methyl- 
vinyl]-23 , 25-dimetho3iy-13 , 19 , 21 , 27-tetramethyl-ll , 28- 

10 dioxa-4-azatricyclo[22 .3 . 1. 0*' '-]octacos-18-ene- 

2 , 3 , 10 , 16-tetraone; 

17-Ethyl-l,14-dihydroxy-12-[2«-(3"-hydroxy-4"-(l- 

- hy-droxyethylindol:=^5^yl )oxycy.clohexyl )-l ' -methyl vinyl ] - 

15 23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4- 

azatr icycloC22 . 3 . 1 . 0* » 93octacos-18-ene-2 ,3,10, 16- 

tetraone; 

17"Ethyl-l,14-dihydroxy-12-[2'-C4"-<l-hydroxyethyl- 
20 indol-6-yl)oxy-3"-meth03ycyclohexyl)-l '-methylvinyl]- 
23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4- 
azatr icycloC22 . 3 • 1 . 0^ » 9]octacos-18-ene-2 ,3,10, 16- 
tetraone ; 

25 . 17-Ethyl-l,14-dihydroxy-12-[2'-(4'»-(l-methylindol-6- 
yl)oxy-3"-methoxycyclohexyl)-l ' -methylvinyl3-23 , 25- 
dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4-aza- 
tr icyclo[22 .3,1.0^ » 9]octacos-18-ene-2 ,3,10, 16- 
tetraone; 

30 

17-Ethyl-1.14-dihydroxy-12-[2'-(4"T(l-<3ibenzyl- 
phosphonoxy-ethylindol-5-yl)oxy-3"-methoxycyclohexyl)- 
1 • -methylvinyl]-23 , 25-dimethoxy-13 ,19,21, 27-tetra- 
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methyl-11 . 28-dioxa-4-azatricycloC22 . 3 . 1 . 0^. ^joctacos- 
lS-ene-Z , 3 . 10 . 16-tet raone : 

Monopotassium Bait of 17-Ethyl-1.14-dihydxo.Qr-12-:2.- 
5 (4"-Cl-ptosphonoxy-etIiyllndoi-5-yl)02y-3"-metho3Ey~ 

cyclohe^D-l ' -methylvinylJ-23 . 25-diinetho^-13 . 19 .21 
27-tetramethyl.ll, 28-dio3ca-4-azatricycloC22 ;3 . 1 . 0'^. ^3- 
octacos-i8-eiie-2 . a , 10 . 16-tctraone 

10 17-Ethyl-l 14-diliydro^-12-[2 • -(4-.-<l-<N.N-dimethyl- 
glycyloxy>etliylindol-5-yl)oxjr-3"-meth03cycyciohexyl>- 

1 . -methylvinyl J-23 .25-diinetho^-13 .19, 21 . f "^etra- 
niethyl-ll . 28-dioxa-4-azatr icydo [22 . 3 . 1 . • ^ ] octacos- 
18-eiie-2 , 3 , 10 . 16-tetraone ; 

17_Etliyl-1.14-dihydrosy-12-C2'-<4"-<l-STaccinyloxy- 

ethylindol-5-yl)o:By-3'.-methoxycycloIic^l>-l ' -methyl- 

vinyl]23 . ZS-dimethoxy-lS . 19 .21 . 27-tetrainetliyl-ll . 28- 
dioxa-4-azatricycloi:22,3 . 1 . 0*. 93octacoB-18-ene-2.3 .- 

20 10 , 16-tetraojie ; 

17-Ethyl-l . 14-diIiydroxy-12-E2 . -(4--<l-methyl-3.phenyl- 
indol-5-yl)o3q^-3••-methoaycyclohexyl>-l • -methylvinyl]- 
23 . 25-dimethoxy-13 . 19.21 . 27-tetramethyl-ll . 28-di03:a-4- 
25 azltr icydo C22 . 3 . 1 . 0*' ^ joctacos-18-ene-.2 . 3 ,10. 16- 
tetraone; 

17-EtIiyl-1.14-dihydrox5r-12-[2'-C4"-(l-metliyl-3-(2- 
hydroxyethyl) indol-5-yl)o3Ey-3"-methozycyclohe^l )-l • - 
30 methylvinyl]-23 . 25-dimethoxy-13 . 19 21 .27-tetramethyl- 
ll . 28-dioxa-4-azatricycloC22. 3. 1 .0^ . 9 joctacos-18-ene- 
2 . 3 . 10 , le-tetraone ; 
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17-Ethyl-l , 14-di hydroxy- 12- [2 ' -(4"-<l , 3-dimethylindol- 
5-yl)oxy-3"-meth03cycyclohexyl)-l •-methylvinyl3-23 ,25- 
dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-a2a- 
tricycloC22 .3.1.0^ . 9]octacos-18-ene-2 ,3,10, 16- 
5 tetraone; 

17-Ethyl-l, 14-dihydroxy-12-[2' -(4"-(9' -methylcarbazol- 
3 • -yl)oxy-3"-methoxycyclohesyl)-l '-methylvinyl]-23 ,25- 
dimethoxy-13 ,19,21, 27-tet ramethyl-ll , 28-dioxa-4-aza- 
10 tr icyclo[22 .3.1.0^ . 9]octacos-18-ene-2 ,3,10, 16- 
tetraone; 

17-Ethyl-l, 14-dihydroxy-12-[2'-(4"-( (2 ' • i t_(3i i i • •_ 
diethylaminopropionyloxy)ethyl)indol-5' ■ '-yl>03y-3"- 
15 methoxycyclohexyl)-l •-methylvinyl]-23 ,25-dimethoay- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
[22 .3.1.0^ » 9]octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l, 14-dihydroxy-12-[2'-<4"-< (2' • • '-O' • • » •- 
20 dimethylaminopropionylosy)ethyl)indol-5* ' •-yl)oxy-3"- 
methoxycyclohexyD-l ' -methyl vinyl3-23 , 25-dimethoxy- 
13,19,21, 27-tetramethyl-ll , 28-dioxa-4-a2atr icyclo- 
[22 . 3 . 1 . 0^ • 9]octacos-18-ene-2 ,3,10, 16-tetraone ; 

25 17-Ethyl-l, 14-dihydroxy-12-[2'-(4"-( (2* • • '-(3' *" •- 
aminopropionyloxy) ethyl )indol-5' • '-yl)oxy-3"- 
methoxycyclohesyD-l ' -methylvinyl]-23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatri cyclo- 
[22.3.1.0^' 9]octacos-18-ene-2 ,3,10, 16-tetraone ; 
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17-Etliyl-1.14-diliydro^-12'E2 '-<4"-<(2 ' ' ' '-(3 • 
beBzylosycarbonyl-2'.' • ' i-benzylo^cycarbonylamano- 
pxopionylc^)etbyl)indol-5 • • .-yDp^-S-.-metbo^cyclc- 
lie^l)-l'-methylvinyl]-23 . 25-dimetho:Qr-13 .19 , 21 .27- 
5 tetramethyl-11.28-dioxa-4-azatricycloC22.3.1.0 • ] 
octacos-18-ene-2 . 3 . 10 , l«-t et raone ; 

17-Ethyl---lTl-4-dihydro^-12-C2.-(4- • ' .-(aspartyl- 
oxy)ethyl)indol-5- '-yI)o^-3"-meth03Qrcycrohe^l)-l - 
le ,ethylvinylJ-23,25-dimethoxy-13.19 21.27-tetra^ethy^ 
11 . 28-dio3a-4-azatr.icycla[22 .3,1. O*. 9] octacos-lS-ene- 
2 . 3 . 10 »16-tetraoiie ; 

17_Ethyl-1.14-dihydroxy-12.E2»-C4"-<(2' • "-d' ' ' ' 
15 imidazolylcarbonylo^)ethyl)indol-5'"-yl)o^-3"- 

- _»etho^cyclolie^l)-l • -methylvinyl]-23 , 25-diinetho^- 
13 19.21. 27-tetrainei;hyl-ll*28-dioxa-4-a2atxxcyclo- 
[22 . 3 . 1 . 0^ . 9 ] octacos-18-ene-2 , 3 . 10, 16-tet raone ; 

20 i7-Ethyl-1.14-dihydroxy-i2-[2'-(4"-<(2. • • '-d' ' " 
piperazinocarbonyio^)etl.yl>indol-5' • - -yDo^cy-S"- 

metho^cyclche^l)-l • -methylvinyl]-23 .25-dimetho^- 
13 19 21,27-tetrainethyl-11.28-dioxa-4-azatrxcyclo- 
[22 . 3 ! 1 . 0^ . 9 ]octacos-18-ene-2 . 3 .10 . 16-tet r aone ; 

17-Ethyl-1.14-dihydroxy-12-[2.-(4''-(l' • •-<2' " 
(2 ■ • " • -hydr03y)ethylaininocarbonyloxy)ethyl) mdol- 
5. r ._yi)oxy-3"-methoxycyclohezyl)-l'-niethylvinyl3~ 
23 25-dimethoxy-13 . 19 . 21 .27.tetramethyl-11.28-dloxa- 
3 0 4-aza-tr icyclo [22 .3.1. 0.^ • ^ ] octacos-18-ene-2 ,3.10. 16- 
tetraone; 
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17-Ethyl-1.14-dihydroxy-12-C2'-(4--(l' • '-(2' • "- 
(isopropyaininocarbonyloxy>ethyl)indol-5' ' '-yDoxy-S"- 
methoxycyclohexyl >-l • -methylvinyl] -23 , 25-d imethoxy- 
13 , 19 ,21 ,27-tetramethyl-ll ,28-dioxa-4-a2atricyclo- 
5 [22 . 3 . 1 . 0^ . 9]octacos-18-ene-2 ,3.10, 16-tetraone ; 

17-Ethyl-1.14-clihydroxy-12-[2'-(4"-<l' "-(2' ' • 
-(1. . .-.-._piperidinocarbonyloxy)ethyl)indol-5" '-yDoxy- 
3.._methoxycyclohexyl)-l'-inethylvinyl]-23,25-dimethoxy- 
10 13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0* • ' ] octacos-18-ene-2 ,3,10 , 16-tetraone ; 

17-Ethyl-1.14-dihydroxy-12-[2«-(4--(l' • •-<2' " •- 
(1.". . . ._morpholinocarbonyloay)ethyl)indol-5' ' '-yDoxy- 
15 3"-methoxycyclohexyl)-l'-niethylvinyl]-23,25-diiiiethoxy- 
13 . 19 . 21 , 27-tetrainethyl-ll . 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0^ • 9 ] octacos-18-ene-2 .3,10, 16-tetraone ; 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(l' • •-<2> • • •- 
20 (diphenylaminocarbonyloxy)ethyl)indol-5 • • •-yl)oxy-3"- 
methoxycyclohexyl )-l • -inethylvinyl3-23 , 25-dimethoxy- 
13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0^ • 9]octacos-18-ene-2 ,3,10, 16-tetraone ; 

25 I7I^thyl-l.l4^iFydroxy-12-[2'-(4"-<l" '-<2"' ' ' 

~(diethylaminocarbonyloxy)ethyl)indol-5« • --yDoxy-S"- 
li^h5iycyclohexyl)-l'-methylvinyl]-23,25-dimethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll . 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0^ , 9]octacos-18-ene-2 ,3,10, 16-tetraone ; 
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10 



15 



20 



25 



17-Etiiyx j-.j.** jr ... c,.._vl)oxy-3"-methoxy- 
27-tetramethyl-11.28-dioxa-4-azatrxcyclot22. 3, 1. 0 3 
octacos-18-ene-2. 3 . 10 .16-tetraone : 

^ T» r9 i /"Aii-^l* » '-(2» ' ' '-azido- 

17-Ethyl-1.14-dihydroxy-12-C2 -C4 ^ 

- >Lwinvn-23 25-dimethoxy-I3a9 . 21 . 27-tetramethyl- 
metbylvxnyl]-23 . 25 d^^^^^ ^^^y ^ . 93octacos-18-ene- 
j^l^28— dxoxa— 4- azat;xx<-jf^-->'.i.r*--- ■ - 
2,3.10,16-tetraoiie; 

17-Etliyl-1.14-diIiydroxy-12-L2'-(4 -(1 \ 

ethyl)indol-5'"-yl)P^-3"-n.ethoxycycloliexyl>-l - 

IetLlvinyl3-23.25-dimethoxy-13a9.21,27-te1:r^^ 

metnyivmyxj ^,xr77 3 1 o^.Sioctacos-lS-ene- 

11.28-dioxa-4-azatrxcycloC22,3.l.u joci. 

2 ,3 , 10 . 16-tetraone ; 

17-Etliyl-UlA-dxhydro±y-12-E2'-(4"-<l' ' .-t-butyldi- 

.ethylLlylo^etl.o^ethylindol-5 . - -yl)o^^ 
cyclLexyl)-l'-methylvxnyl]-23.25-dx.etho^-13.19 2^ 
27-tetramethyl-ll. 28-dio.a-4-azatricycloC22 . 3 . 1 . 0^. ^3 . 
octacos-18-ene-2. 3 . 10. 16-tetiaoiie; 

17-Ethyl-1.14-dibydro^-12-C2'-C4"-(l" '-hydros- 
etho^ethylindol-5. r ._yi)oxy-3"-inetho^cyclohe^l)-l - 
.etl.yIvinyl]-23.25-dx..ethoxy-13a9,21.27-tetra.e^^^^ 
U.28-dioL-4-azatricycloE22.3.1.0^.^]octacos-18-eue- 

2 , 3 , 10 , l6-tetraone ; 
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17- Ethyl-1.14-dihydroxy-12-[2^-(3"-methoxy-A"-(l' • 
(1" • '-oxoprop-S' • • '-yDindol-S' • '-yDoxycyclohexyl)- 
1 • -methylvinyl]-23 , 25-diinethoxy-13 . 19 , 21 , 27-tetra- 
methyl-11 , 28-dioxa-4-azatr icyclo[22 .3.1.0^ • 9]octacos- 

18- ene-2,3,10.16-tetraone; and 

17-Ethyl-l,14-dihydxoxy-12-[2'-(3"-methoxy-4"-(l' • '- 
( 1 . . .1 ^carboa{yeth-2-'-'-'-L-yl-)indol-5 ' -yDoxycyclo- 
hexyD-l ' -methylvinyl]-23 , 25-dimethoxy-13 , 19 , 21 , 27- 
tetramethyl-11 , 28-dioxa-4-azatricycloC22 . 3 . 1 . 0* • 9]- 
octacos-18-ene-2 ,3,10, 16-tetraone . 



Representative compounds of the present 
invention include the compounds of Formula Z. ZI , XII 
15 and XIII: 



20. 



25 
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CH3O OCH3 



20 

XIII 



wherein is H or CH3 and the definitions of , 

r3, r5, r6 and are selected from the following 
groups of substituents : 



30 









b3 


El 


phenyl 


phenyl 


CH3 


OH 


ethyl 


phenyl 


E 


CB3 


OB 


ethyl 


benzyl 


E 


CH3 


OB 


ethyl 


4-H02C-benzyl 


B 


CB3 


OH 


ethyl 
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4-H2NC0-ben2yl 
4-CH3P-beii2yl 
4-HO-benzyl 
4-Cl-ben2yl 

5 4- ( CH3 ) 2N-benzyl 
3-H02C-benzyl 
3-H2NC0-benzyl 
3-CH30-benziyl 
3-HO^benzyl 

IG 3-»Cl-benzyl 

3- ( CH3 ) 2N-benzyl 

4- pyridyl 
3-pyridyl 

2- pyridyl 

1 5 4-pyr idylme thy 1 

3 - py r i dy Ime thyl 

2- pyr idy Imethyl 
phenyl 

phenyl 

20 benzyl 

4- H02C-benzyl 
4-H2NC0-ben2yl 
4-CH30-benzyl 
4-HO-benzyl 

25 4-Cl-benzyl 

4-(CH3)2N-benzyl 

3- H02C-benzyl 
3 -H2NC0-ben2yl 
3-CH30-benzyl 

30 3-H0-ben2yl 
. 3-Cl-benzyl 
3-(CH3>2N-benzyl 
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CH3 
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CH3 


H 
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CH3 




CH3 


AX 


CHq 


H 


CH-a 


•a 


CHo 

■ J 


XX 


CHo 




CH3 


XX 




xx 


CHq 


TT 

XX 




XX 


CHq 
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CHq 
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CH3 


XX 




TjllPTlVl 


CHq 
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CH3 
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CHq 
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CHq 
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CHq 
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CH3 
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CH3 
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CH3 
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CH3 


H 


CH3 




CH3 
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CH3 


H 


CH3 



OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH . 


ethyl 


OH 


ethyl 


OH 


ethyl 


OH 


ethyl 


H 


ethyl 


H 


ethyl 


H 


. ethyl 
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ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 


H 


ethyl 



wo 93/05058 





H^}Jj A U Jf A 


E 




.-nvr T rivl 
• J— jpy i xujr -1. 


H 




2— pyriayi 






«+— pyr 1 oy XUic uiijr X 
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3 — py r 1 ayime u ny x 
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2 — py r 1 dy xme t ny X 


rr 
n 




phenyl 


PTIVT 




phenyl 


n 




benzyl 
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IG 


4 -_H02C -benzyl 


TT 
H 




4-H2NC0-benzyl 


n 




4-CH30-ben2yl 


XT 
XI 




4— HO— Denzyx 


TT 
XI 




4-Cl-benzyl 


xt 

Ja 


15 


4- ( CH3 ) 2^-0 en zy 1 


TT 

11 




3 -H02C-b enzy 1 


TT 

u 




3— H2NCO— oenzyi 


XT 
11 




3-CH30-benzyl 


rr 
H 




3— HO— Denzyx 


XI 


20 


J— L»x— Denayx 


H 




J — ^2*^ *^*^"^J^■*• 


H 




4— py r X \xy± 


H 




J— pyXlOyx 






2— pyriayx 




25 


4-py r i dylmethy 1 


H 




3-pyridylmethyl 


H- 




2-py r i dy Ime thy 1 


H 




CH3 
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CH3CH2 


H 


30 


CH3CH2CH2 
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HO2CCH2CH2 
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ethyl 


CH3 
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ethyl 


CHo 
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ethyl 


CHo 
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ethyl 
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ethyl 
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ethyl 
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allyl 
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OH 


allyl 


CHo 


OH 


allyl 
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OH 


allyl 
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allyl 
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allyl 


CHo 


OH 


allyl 
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allyl 


CHo 


OH 


allyl 
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- OH 
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OH 


ethyl 
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ethyl 
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ethyl 
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H2NCOCH2CH2 
HOCH2CH2 
HOCH2CH2CH2 
CH3 

5 CH3CH2 

CH3CH2CH2 
HOCH2CH2 
HOCH2CH2CH2 
CH3 

10 CH3CH2 

CH3CH2CH2 
(CH3>2CH; 

H2NCOCH2CH2 
15 HOCH2CH2 

HOCH2CH2CH2 

C% 

CH3CH2 
CH3CH2CH2 
20 HOCH2CH2 

HOCH2CH2CH2 
CH3 

CH3CH2 
CH3CH2CH2 

25 (CH3)2CH 

HO2CCH2CH2 
H2NCOCH2CH2 
HOCH2CH2 
HOCH2CH2CH2 

30 CH3 

CH3CH2 
CH3CH2CH2 
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U113 
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H. 
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CH3 
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CH3CH2 
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XX 
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rxnrV{^CTfn HOCHoCHo 


H 


OE 


ethyl 




wnrpr«rH^rHo HOCHoCHoCHo 


H 


OE 


ethyl 








H 


ethyl 


5 


TTT* rw** PTT** THo — 
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ethyl 




— 2 v*** 2 2 2 — 


CHo 


OB 


ethyl 




rVf^ CTT^ CTT^ PTT« fTTr^ — 
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OH 


ethyl 




-CH2CH20CH2CH2_ 
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OB 


ethyl 




-CH2CH2CH2CH2CH2- 


H . 


OH 


ethyl 


1 n 

A w 


-CH2CH20CH2CH2_ 


CH3 


E 


allyl 




-CH2CH2CH2CH2CH2- 


CH3 


H 


allyl 




-CH2 CH2 OCH2 CH2 _ 


CH3 


OE 


allyl 




-CH2CH2CH2CH2CH2- 


E 


OB 


allyl 




_CH2CH20CH2CH2_ 


S 


OH 


allyl 


15 * 


-CH2CH2CH2CH2CH2- 


E 


OB 


allyl . 



Representative compounds of the present invention 
include the compounds of formula XIV, XV, XVI and 
XVII: 

20 



25 



s 



30 
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15 



20 





HoC 



25 



CH^O OCH3 



XIV 
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10 



15 



20 



25 




CH3O . OCH, 



XV 



30 
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10 



15 



25 



wherein R^a u E or CH3 and r2. R^. r5 and R^ are 
selected from the following groups of substitnents : 



H 



benzyl 



4-Cl-benzyl 
30 4- ( CH3 ) 2N-b enzy 1 



2 r3. eI 



CH3 



2-pyridylmethyl CH3 



OH ethyl 



CH3 OH ethyl 

CHo OH ethyl 

^^'^^^ I ethyl 

CH3CH ^H3 

.It CH-, OH ethyl 

HO2CCH2CH2 ^^3 

H2NC0CH2^2 
HOCH2CH2 
HOCH2CH2CH2 
<CH3)2CH2 

^^^""^^ CeI OH ethyl 

4-pyridyl ^3 , 

, CH-, OH ethyl 

3- pyridyl ^"-3 

, CHq OH ethyl 

20 2-pyridyl ^"^3 

4- pyrldyl«ethyl CH3 OH ethyl 
3-pyridyl^ethyl. CH3 ■ OH ethyl 

. . , CHo OH . ethyl 



CH3 OH ethyl 

CH3 OH ethyl 

CH3 OH ethyl 

CH3 OH ethyl 

CH3 OH ethyl 



CH3 OH ethyl 



4-H02C-benzyl CH3 OH ethyl 

4-H2NC0-benzyl CH3 " OH ethyl 

, FHo OH ethyl 

4-CH30-benzyl . ^^3 J 

, CHo OH ethyl 

4-HO-benzyl . ^^3 



CH3 OH ethyl 

CH3 . OH ethyl 
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3-H02C-benzyl 


CHo 
•J 


OH 


ethyl 




3-H2NC0-benzyl 


CHq 


OH 


ethyl 




3-CHo-benzyl 


CH3 


OH 


ethyl 




3-HO-benzyl 




OH 


ethyl 


5 


3— CI— benzyl 


CH3 


OH 


ethyl 




3- ( CHo ) oN-b enzy 1 


CHo 


OH 


ethyl 




2-HO-benzyl 


CH-a 


OH 


ethyl 




2-Cl-benzyl 


CH3 


OH 


ethyl 




2— CCHo )oN-benzv-l 


CHo 


OH 


ethyl 


10 


CHr> 


CH-a 


H 


ethyl 




CHo CHo 


CHo 


H 


ethyl 




rnRo=:CHCHo 


CHo 


H 


ethyl 




CTT^CH oCHo 


CHo 


H 


ethyl 






CHo 


H 


ethyl 


15 


TTOr^CCHoCHo 

XI wy w vAAy WAA y 


CHo 

WAA^ 


H 


ethyl 




HoNCOCHo CHo 


CHo 


H 


ethyl 




HOCHoCHo 


CHo 


H 


ethyl 




HOCHo CHo CHo 


CHo 


H 


ethyl 




(CHo )o CHo 
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ethyl 


20 


phenyl 
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ethyl 




4— -nvridvl 


CEo 

•3 
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ethyl 




3-pvr idyl 


CH3 
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ethyl 




2-pyridyl 


CH3 
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ethyl 




4-py r i dy Ime thyl 


CH3 
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ethyl 


25 


3-pyridylmethyl 


CH3 
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ethyl 




2-py r i dy Ime thy 1 


CH3 
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ethyl 




benzyl 


CH3 
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ethyl 




4-H02C-benzyl 


CH3 
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ethyl 




4-H2NC0-benzyl 


CH3 
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ethyl 


30 


4-CH30-benzyl 


CH3 
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ethyl 
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4-HO-benzyi 
4-Cl-benzyl 
4- ( CH3 ) 2N-b e n zy 1 
3-H02C-l)enzyI 
5 3-H2NC0-benzyl 
3-CH30-benzyl 
3^H0-benzyI 
3-Cl-benzyl 

3 - ( GH3 > 2N-b enzyl 
10 2-H02C-benzyl 

2-H2NC0-rbenzyi 
Z-CHjO-benzyl 

2- HO-benzyl 
Z-Cl-benzyl 

15 2-(CH3 )2N-benzyl 

CH3 

CH3CH2 

CH2^CaCH2 

CH3CH 2CH2 
20 (CH3>2CH 

HO2CCH2CH2 

H2NCOCH2CH2 

HOCH2CH2 

HOCH2CH2CH2 
25 (CH3)2CH2 

phenyl 

4- pyridyl 

3- pyridyl 
2-pyridyl 

30 4-py r idylmetbyl 
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CH3 
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3-pyridylmethyl 
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OE 


allyl 




2-py r i dylmethyl 




OE 
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benzyl 
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4-H02C-benzyl 
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Representative compounds of the present inve 
include the compounds of Formula XVIXI, .XIX, 
and XXI: 




CH3O OCH3 
XVIII 
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wherein R^^ is H or CE3 and R^. R^. and r5 are 
selected from the following groups of substituents: 



CH3 

CH3CH2 
CH2=CHCH2 
CH3CH 2CH2 
10 <CH3)2CH 

H02C€H2CH2 

H2NCOCH2CH2 

HOCH2CH2 

E0CH2CH2^^Z 
15 (CH3)2CH2 
phenyl 
4-pyridyl 

3- pyridyl 
2-pyridyl 

2 0 4-py r i dy Ime t hy 1 
3 -py r i dylmet hyl 

2- pyridylmethyl 
benzyl 

4- H02C-ben2yl 
25 4-H2NC0-benzyl 

4-CH30-benzyl 
4-HO-benzyl 
4-Cl-benzyl . 
4-(CH3 )2N-benzyl 
30 . 3-H02C-benzyl 

3- H2NC0-benzyl 
3-CK30-benzyl 
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3-H02C-beiizyl 
3-H2NC0-benzyl 
3-CH30-l)enzyl 
3-HO-benzyl 
5 3-Cl-beiizyl 

3- (CH3 ) 2N-benzy 1 
2-H02G-benzyl 

"'2-H2NC0-benzyl 
2-CH30-benzyl 
10 2-HO-benzyl 
2-Cl-benzyl 
2-(CH3)2N-benzyl 

CH3 

CH3CH2 
15 CH2=CHCH2 

CH3CH 2CH2 

(CH3)2CH 

HO2CCH2CH2 

H2NCOCH2CH2 
20 HOCH2CH2 

HOCH2CH2CH2 

(CH3>2CH2 

phenyl 

4- pyridyl 
25 3-pyridyl 

2-pyridyl 
~4-py r i dylmethyl 
3 -pyr i dy Ime t hyl 
2-py r i dylmetby 1 
30 benzyl 

4-H02C-benzyl 
4-H2NC0-benzyl 
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4-CHoO-benzyl 
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OH 


allyl 




A-HO-benzyl 


CH3 


OH 


allyl 




4-Cl-benzyl 


CH3 


OH 


allyl 




4-(CHo)2N-benzyl 


CH3 


OH 


allyl 


5 


3-H02C-benzyl 


CH^ 


OH 


allyl 




3-H2NC0-benzyl 


CEo 


OH 


allyl 




3-CH30-benzyl 




OH 


allyl 




3-HO-benzyl 




OH 


. allyl 




3-Cl-benzyl 


CH3 


OH 


allyl 


10 


3-(CH3)2N-benzyl 


CH3 


OH 


allyl 




2-H02C-benzyl 


CH3 


OH 


allyl 




2-H2NC0-benzyl 


CH3 


OH 


allyl 




2-CH30-benzyl 


CH3 


OH 


allyl 




- 2-HO-benzyl 


CH3 


. OH 


. . allyl 


15 


2-Cl-benzyl 


CH3 


OH 


allyl 




2-(CH3)2N-benzyl 


CH3 


OH 


allyl . 



Representative compounds of the present invention 
include the compounds of Formula XVIII: 

20 



25 



30 
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1- imidazolylmethyl 

2- imida20lylmethyl 
5 3-thi azoly Imethyl 

2-thia20lylniethyl 
2-oxazolylmethyl 
5-tetrazolylniethyl 
4-py r 1 dy Imethyl 
10 3-pyridy Imethyl 

2- pyridy Imethyl 
benzyl 

4-H02C-ben2yl 
4-H2NC0-benzyl 

15 4-CH30-benzyl 
4-HO-benzyl 
4-R^^0-ben2yl 
4-Cl-benzyl 
4-(CH3)2W-benzyl 

20 3-H02C-benzyl 

3- H2NC0-benzyl 
3-CH30-benzyl 
3-HO-benzyl 
3_Rllo-ben2yl 

25 3-Cl-benzyl 

3-(CH3)2N-benzyl 
2-H02C-benzyl 
2-H2NC0-benzyl 
2-CH30-benzyl 

30 2-H0-ben2yl 

2-R^-*'0"benzyl 

2-Cl-ben2yl 

2- ( CH3 ) 2N-benzyl 





r3 

■ ■; 11 


r£ 


CH3 


OH 


ethyl 




OH 


ethyl . 


^"3 


OH 


ethyl 


U113 


OH 


ethyl 


UII3 


OH 

WAX 


ethyl 


UJI3 


OH 


ethyl 




OH 


ethyl 


UX13 


OH 


ethyl 


^^113 


OH 


ethyl 




OH 


ethyl 


^^3 


OH 


ethyl 


0x13 


OH 


ethyl 


un3 


OH 


ethyl 


0113 


OH 


ethyl 


Vi*ii3 


OH 


ethyl 


^^3 


OH 


ethyl 


v>ii3 


OH 


ethyl 


UII3 


OH 


ethyl 


^^3 


OH 


ethyl 


^fi3 


OH 


ethyl 




OH 


ethyl 


UXI3 


OH 


ethyl 


U113 


OH 


ethyl 


CH3 


OH 


ethyl 


CH3 


OH 


ethyl 


CH3 


OH 


ethyl 


CH3 


OH 


ethyl 


CH3 


OH 


ethyl 


CH3 


OH 


ethyl 


CH3 


OH 


ethyl 


CH3 


OH 


ethyl 
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30 



3_(4_pyr idyl )-iini dazoX-Z-ylmethyl 

3- pyr idyl ) -imi dazol-2-ylniethyl 

2- py r idyl ) - imi d azol-2-ylinetliyl 

3-phenylimi dazbl-2-ylinethyl 

4- H02C-phenyl)-imidazol-2-ylmethyl 

4-H2NC0-phenyl )-iinidazal-2-ylniethyl 
A-CHgO-pheny 1 ) -imi dazol-2-ylmethyl 
4-H0-plienyi)-imidazol-2-ylmethyl 
4-Rllo-plienyl ) -iinidazol-2-ylinethyl 
4-Cl-phenyl)-imidazoi-2-ylin8thyl 
4-(CH3)2N-phenyl)-linidazol-2-ylmethyl 

3- H02C-phenyl)-iinidazol-2-ylmethyl 
3-E2NC0-plienyl >-iinidazol-2-ylmethyl 
3-CH30-plieiiyl)-iniidazol-2-ylmethyl 

3-HO-phenyl ) -imi dazol-2-ylm.ethyl 
3_Rll0-phenyl)-imidazol-2-ylmethyl 

3-Cl-plienyl )- imi dazol-2-ylmethyl 
3-<CH3)2N-plienyl)-imidazol-2-ylmethyl 

2-H02C-plienyl ) - imidaaol-2-ylmethyl 
2_H2NC0-phenyi>-imidazol-2-ylmethyl 
2-CH30-plienyl)-imida2Ol-2-ylmethyl 
2-H0-phenyl)-imidazoi-2^ylmethyl 
2_Rllo-plienyl ) -imidazol-2-ylmethyl 
2-Cl-phenyl)-imidazol-2-ylmethyl 
- (CH3 ) 2N-plienyl)-imidazol-2-ylmethyl 

1- imi dazolylmethyl 

2- imi dazolylmethyl 

3- thi azolylmethyl 
2-thiazolylmethyl 

2- oxazolylmetliyl 
5-tetrazolylmethyl 

4- pyridylmethyl 

3- pyr idylmethyl 



3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 



^3 


OH 


ethyl 




OH 


ethyl 




OH 


ethyl 


CHo 


OH 


ethyl 




OH 


ethyl 




OH 


ethyl 




OH 


ethyl 




OH 


ethyl 




OH 


ethyl 




OH 


ethvl 




OH 




CH3 


OTT 




CH3 


OTT 




UII3 


OH 




CH3 


OH 




CH3 


OH 




CH3 


UH 




GIi3 


OH 




CH3 


OH 




UII3 


OH 


ethvl 


OII3 


OH 


ethvl 


^^1X3 


OH 


ethyl 


V^X13 


OH 


ethyl 


^*^3 


OH 


ethyl 


\^ji3 


OH 


ethyl 


CH3 


H 


ethyl 


CH3 


H 


ethyl 


CH3 


H 


ethyl 


CH3 


H 


ethyl 


CH3 


H 


ethyl 


CH3 


H 


ethyl 


CH3 


H 


ethyl 


CH3 


-H 


ethyl 
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7— nvr i dvlmethvl 




H 


ethyl 






CEo 


H 


ethyl 






CHq 


H 


ethyl 






CHq 
3 


H 


ethyl 


5 


A— CH3O— Dcnzyx 


v^ii3 


w 






A— HO— Denzyx 


CHo 

\«XL3 


H 


ethyl 




A— R u— Denzyi • 


CHo 

^**'3 


H 


ethyl 








H 


ethyl 






CHo 


H 


ethyl 


10 


3— MU2^~*^"*^^y**- 


CH3 


H 


ethyl 




3— Ho-^^o— Denzyi 


CHo 


H 


ethyl 




3-CH30-benzyl 






pthvl 




3— Hu—Denzyx 


CEo 


H. 


ethyl 




3 — XV u— D en zy J. 


CHo 


H^ 


ethyl 




J— uX— Denzyx 


CHo 


H 


ethyl 




3 — ( Cn3 J 2"""^®^^y'^ 


CHr» 




Pthvl 




2-HO2C— benzyl 


UII3 


TT 

XX 


Pthvl 




2— H2NC0— Dcnzyx 


CHo 


H 


ethyl 




Z— CH3U— oenzyx 


CHo 
UA3 


H 


ethyl 


20 


2— HO— oenzyx 


CHo 


XX 


ethvl 




2— R*^ 0— Dcnzyx 


CHo 


H 


ethyl 




Z— CI— Denzyx 


CHo 
^**3 


H 


ethyl 




2— vCH3^2^~^^" y 


CHo 


H 


ethyl 




3 — ^ tf — pyx xayx y — iini ucis&ux— ^—jr xxuc L.iijr x 


CHo 


H 


ethyl 


25 


3 — V •^—py^ ^ oyx ^ — lull ucizux— jr xluc uiijr x 


CHo 


H 


ethyl 




3-(2-pyridyl)-imidazol-2-ylmethyl 


CH3 


H 


ethyl 




3-phenylimidazol-2-ylmethyl 


CH3 


H 


ethyl 




3- ( 4-H02C-phenyl )-imi dazol-2-y Imethyl 


CH3 


H 


ethyl 




3-(A-H2NC0-phenyl)-imidazol-2-ylmethyl 


CH3 


H 


ethyl 


30 


3-(4-CH30-phenyl)-imidazol-2-ylinethyl 


CH3 


H 


ethyl 




3- (4-H0-phenyl)-imidazol-2-y Imethyl 


CH3 


H 


ethyl 




3- (4-RHo-phenyl)-imidazol-2-y Imethyl 


CH3 


H 


ethyl 




3-(4-Cl-phenyl)-imidazol-2-ylmethyl 


CE3 


H 


ethyl 
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3-(4-(CH3)2N-phenyl)-iinidazol-2-yHnetbyl 

3-(3-H02C-plienyl)-imidazol-2-ylmethyl 

3_(3-H2NC0-phenyl)-iinidazol-2-ylinethy:X 

3-(3-CH3Q-pheiiyl)-imida20l-2-ylinethyl 

3-(3-H0-plienyl)-imidazol-2-ylmethyl 

3- (3-R^lO-pheByl )-iinida2ol-2-ylmethyl 

3_(3-Cl-phenyl)-iniidazol-2-ylmcthyl 
3_(3-(CH3)2N-Phenyl)-iniidazol-2-ylinetliyl 

3-(2-H02C-phenyl)-imldazol-2-ylniethyl 
3-(2-H2NG0-pbenyl)-imidazol-2-ylniethyl 
3-(2-CH3Q-phenyl)-iinida20l-2-YlmetIiyl 
3-(2-H0-plienyl>-imidazol-2-ylmethyl 
3-C2-R^l0-plienyl)-imidazol-2-ylmethyl 



^I(2-Cl-plienyl )-imidazol-2-ylmethyl 
15 3.C2-(CH3)2N-plieiiyl)-iniidazol.2-ylmethyl 

. ^l-imidazolylmethyl 

2- iniidazolyXmethyl 

3- thiazolylinethyl 

2- tIii azolylmethyl 
20 2-oxazolylittetlxyl 

S-tetrazolylmethyl 

4- py r i dylme t hyl 

3- py r i dy Imetihy 1 

2- py r i dylmet hy 1 

25 benzyl 

4- H02C-benzyl 
4-H2NC0-beiizyl 
4-CH30-beiizyl 
4-S0-ben2yl 

30 4-R^^O-benzyl 
4-Cl-benzyl 
4-(CH3 ) 2N-benzyl 

3- H02C-benzyl 





H . 


ethyl 




H 


ethyl 


CEo 


H 


ethyl 


CHo 


H 


ethyl 


CHo 


H 


ethyl 


CHo 


H 


ethyl 


CHo 
o 


H 


ethyl 


3 


H 


ethyl 




H 


ethyl 


CH3 


H 


ethyl 




H 


ethyl 


CHo 


H 


ethyl 


CHo 


H 


ethyl 


CHo 
^"3 


. H - 


ethyl 


CHo 


H 


ethyl 




OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 




OH 


ethyl 




OH 


ethyl 


H 


OH 


ethyl 




OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 


H 


OH 


ethyl 
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S-HyNCO-benzyl 


E 


OB 


ethyl 




3-CH30-benzyi 


E 


OE 


ethyl 




3-HO-benzyl 


E 


OB 


ethyl 




3-R^^O-benzyl 


E 


OB 


ethyl 


5 


3-Cl-benzyl 


E 


OE 


ethyl 




3- (CH3 )2N-benzyl 


E 


OE 


ethyl 




2-HO2C— benzyl 


E 


OE 


ethyl 




2 -H2NC0-b enzy 1 


E 


OE 


ethyl 




2— CHoO— benzyl 


E 


OB 


ethyl 


10 


7— HO— benzvl 


B 


OB 


ethyl 




9— R^*^0— benzvl 


B 


OB 


ethyl 




2— CI— benzyl 


E 


OB 


ethyl 




2- C CHo ) oN-benzyl 


E 


OB 


ethyl 




~ 3-Y-4-DV-r i d vl) - imi d azol-2-ylmethyl 


_.B. 


OB 


_e.thyl 


15 


'^-^S-DvridvD-imidazol-Z-ylmethyl 


E 


OB 


ethyl 




3-(2-pyrldyl)-iniidazol-2-ylmethyl 


E 


OB 


ethyl 




3-phenylimidazol-2-ylinethyl 


E 


OB 


ethyl 




3_ ( 4-H02C-phenyl )- imi dazol-2-ylmethyl 


H 


OB 


ethyl 




3-(4-H2NC0-phenyl)-iiiiidazol-2-ylmethyl 


E 


OB 


ethyl 


20 


3_(4_CH30-phenyl)-imidazol-2-ylmethyl 


E 


OB 


ethyl 




3-(4-H0-phenyl)-iiiiidazol-2-ylinethyl 


E 


OE 


ethyl 




3-(4-Rllo-phenyl)-imidazol-2-ylmethyl 


E 


OB 


ethyl 




3^(4-Cl-phenyl)-imidazol-2-ylmethyl 


B 


OB 


ethyl 




3- ( 4- ( CHo ) oN-phenyl )- imidazol-2-ylmethyl 


E 


OB 


ethyl 


25 


S-CS-HOjC^^phenyl-X-imidazol-Z-ylmethyl 


.B 


OB 


ethyl 




3- ( 3 -H2NC0-phenyl ) - imi dazol-2-y Imethyl 


B 


OB 


ethyl 




3-(3-CH30-phenyl)-iinidazol-2-ylmethyl 


E 


OB 


ethyl 




3-(3-H0-phenyl)-iinidazol-2-y Imethyl 


B 


OE 


ethyl 




3_(3_RllO-phenyl)-iinidazol-2-y Imethyl 


B 


OB 


ethyl 


30 


3-(3-Cl-phenyl)-imidazol-2-y Imethyl 


B 


OB 


ethyl 




3-(3-<CH3)2N-phenyl)-imidazol-2-y Imethyl 


B 


OB 


ethyl 




3-(2-H02C-phenyl)-imidazol-2-ylmethyl 


B 


OE 


ethyl 




3- ( 2-H2NC0-phenyl )-imi dazol-2-ylme thyl 


B 


OB 


ethyl 
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3-(2-CH30-plienyl)-imida2ol-2-ylmethyl 
3-(2-H0-phenyl)-imidazol-2-ylmethyl 
3-.(2-Rl^0-phenyl)-imidazol-2-ylmethyl 
3-(2-Cl-phenyl)-iniidazol-2-ylinethyl 
5 3-(2-(CH3>2N-p^enyl)-imida2ol^2-ylinethyl 

1- ifflidazolylmethyl 

2- imi d a z oly Imetby 1 

3- thiazoIylinethyl 

_2-Jthi azoly Imethyl 

10 2-oxazoiylmethyl 

S-tetrazolylmethyl 

4- py r i dylme t hyl 
3^pyr i dylmethyl 

2- pyridylniethyi - 

15 benzyl 

4-H02C-benzyl 

4-H2NC 0-b enzyl 

4-CH30-benzyl 

4-HO-benzyl 
20 4-R^^O-beiizyl 

4-Cl-benzyl 

4-(CH3)2N-ben2yl 

3- H02C-benzyl 
3-H2NC0-benzyl 

25 3-CH30-benzyl 

3-HO-beiizyl 

3-RHo-benzyl 

3-Cl-benzyl . 

3- ( CH3 ) 2N-benzyl 
30 2-H02C-benzyl 

2-H2NC0-benzyl 

2-CH30-benzyl 

2-H0-ben2yl 



H 


OB 


ethyl 


H 


OE 


ethyl 


H 


OE 


ethyl 


E 


OH 


ethyl 


H 


OH 


ethyl 


H 


E 


ethyl 


H 


E 


ethyl 


H 




ethyl 


H 


E 


ethyl 


H 


E 


€thyl 




E 


ethyl 


E 


E 


ethyl 




E 


ethyl 


E 


E 


ethyl 


E 


E 


ethyl 


E 


E 


ethyl 


E 


B 


ethyl 


E 


E 


ethyl 


E 


E 


ethyl 


E 


E 


ethyl 


E 


E 


ethyl 


E 


E 


ethyl 


E 


B 


ethyl 


E 


E 


ethyl 


E 


E 


ethyl 


B 


B 


ethyl 


E 


H 


iethyl 


E 


H 


ethyl 


E 


B 


ethyl 


E 


E 


ethyl 


B. 


B 


ethyl 


E 


B 


ethyl 


E 


B 


ethyl 
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2-R^^O-benzyl 


H 


H 


ethyl 




2-Cl-benzyl 


H 


E 


ethyl 




2- ( CHq ) oN-benzyl 


H 


• H 


ethyl 




3.{4-pyridyl)-imida2ol-2-ylmethyl 


H 


E 


ethyl 


5 


3- ( 3-pyr idyi )-imida2ol-2-ylmethyl 


H 


E 


ethyl 




3-(2-pyridyl)-iinida20l-2-ylmethyl 


H 


E 


ethyl 




3-phenylimidazol-2-ylinethyl 


H 


E 


ethyl 




3_(4-H02C-phenyl)-imidazol-2-ylinethyl 


H 


E 


ethyl 




3-(4-H2NC0-phenyl)-imidazol-2-ylmethyl 


H 


E 


ethyl 


10 


-3«/4-CHQ0-phehyl)-imidazol-2-ylinethyl 


E 


E 


ethyl 




3- ( 4-HO-phenyl )-imi dazol-2-ylmethyl 


H 


H 


ethyl 




3-(4-R^^O-pheiiyl)-imidazol-2-ylmethyl 


H 


E 


ethyl 




3-(4-Cl-phenyl)-imidazol-2-ylmethyl 


H 


E 


ethyl 




-3 - (-4- ( GH3 ) 2N-pheny 1 ) - imi d a20l-2-ylme thyl 


H 


E 


ethyl 


15 


3-(3-H02C-phenyl)-imidazol-2-ylmethyl 


H 


E 


ethyl 




3_(3-H2NC0-pheiiyl)-imida2ol-2-ylmethyl 


H 


E 


ethyl 




3-C3-CHo0-phenvl)-imida20l-2-ylmethyl 


E 


E 


ethyl 




3-(3-H0-phenyl)-imida2Ol-2-ylniethyl 


E 


E 


ethyl 




3-(3_Rllo-phenyl)-imida2ol-2-ylmethyl 


S 


E 


ethyl 


20 


3-(3-Cl-phenyl)-imidazol^2-ylmethyl 


E 


E 


ethyl 




3^ ( 3- ( CHq ) 9N-phenyl )-iini da20l-2-ylmethyl 


E 


E 


ethyl 




3- ( 2-H07C-phenyl )-imidazol-2-ylinethyl 


E 


E 


ethyl 




3- ( 2-H2NC0-phenyl ) - imi dazol-2-ylinethy 1 


S 


E 


ethyl 




3-<2-CHqO-phenyl)-imidazol-2-ylmethyl 


E 


E 


ethyl 


-25 


._3_(-2_H0-phenyl-)-=imidazol-2-ylmethyl 


E 


E 


ethyl 




3- ( 2-R^^O-phenyl ) - imi dazol-2-yliiiethy 1 


E 


E 


ethyl 




3- < 2-Cl-phenyl )-iini dazol-2-ylmethyl 


E 


E 


ethyl 




3-(2-<CH3 )2NTphenyl )-iinidazol-2-yliiiethyl 


E 


E 


ethyl 




1-imidazolylmethyl 


CB3 


OE 


allyl 


30 


2-iinidazolylmethyl 


CB3 


OE 


allyl 




3-t hi azoly Imethyl 


CE3 


OE 


allyl 




2-thi azolylmethy 1 


CE3 


OE 


allyl 




2-oxazolylmethyl 


CB3 


OE 


allyl 
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S-tetrazolylmethyl 

4-py r i dy Imethyl 

3 - py r i dylme thyl 

2- pyr i dylme thyl 

5 benzyl 

4- H02C-l>enzyl 
4-H2NC0-benzyl 

— 4-eH30-beiizyl 
~4-H0-benzyl 
IG 4-RllG=bsn2yl 
4-Cl-benzyl 
4-(CH3)2N-benzyl 

3- H02C-benzyl 
3-H2NC0-benzyl 

15 S-CHjO-benzyl 

3-HO-benzyl 

3-R^^O-benzyl 

3-Cl-benzyl 

3-(CH3>2N-benzyl 
20 2-H02C-benzyl 

2-H2NC0-benzyl 

2-CH30-ben2yl 

2-HO-beiizyl 

2-R^^O-benzyl 
25 2-Cl-benzyl 

2- (CH3)2N-beiizyl 

~ 3_(4-pyridyl)-imidazol-2-y Imethyl 

3.(3-pyridyi)-imidazol-2-y Imethyl 
3_(2-pyr idyl >-imidazol-2-y Imethyl 
30 3-pbenylimidazol-2-y Imethyl 

3- (4-H02C-phenyl)-imidazol-2-ylmethyl 
3-(4"H2NC0-phenyl>-imidazol-2^y Imethyl 
3-<4-CH30-pbenyl>-imidazol-2-ylmethyl 



PCT/US92/07508 



CHq 


OH 


ally! 


CHq 


OH 


allyl 




OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


aliyl 


CHo 


OH 


allyl 




OH 


allyl 


CHo 


OH 


allyl 




OH 


allyl 


^ 3 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


GHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CEo 


OH 


-allyl 


CHo 


OH 


allyl 


CHq 


OH 


allyl 


.CH3 


OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 
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3-(4-H0-phenyl)-imidazol-2-ylmethyl 

3_(4-Rllo-phenyl)-imida2ol-2-ylm€thyl 

3-(4-Cl-phenyl)-imidazol-2-ylmethyl 

3_ ( 4- (CH3 ) 2N-phenyl )-inii da20l-2-ylmethyl 

5 3_(3-H02C--phenyl)-imida20l-2-ylinethyl 
3-(3-H2NC0-phenyl)-imidazol-2-ylmethyl 
3-(3^CH30-phenyl>-iinidazol-2-ylmethyl 
3-(3-H0-pheiiyl)-imida2Ol-2-ylmethyl 
3-(3-R^^0-phenyX)-imidazol-2-ylmethyl 

1 0 3-^ ( 3_ci-pheiiyl) -imi dazol-2-ylme thyl 

3-(3-(CH3)2N-phenyl)-imidazol-2-ylmethyl 
3-(2-H02C-phenyl)-imida2ol-2-ylmethyl 
3-(2-H2NC0-phenyl>-imidazol-2-ylmethyl 
-3--(-2-GH30-phenyl-)-imidazol^2--ylinethyl 

15 3 - ( 2^H0-pheny 1 ) - imi dazol-2-y Imethy 1 

3-(2-R^^0-pheiiyl)-imidazol-2-ylmethyl 

3-(2-Cl-phenyl)-imidazol-2-ylmethyl 

3-(2-(CH3)2N-phenyl)-imidazol-2-ylinethyl 

1- imidazolylmethyl 
20 2-imidazolylmethyl 

3-thiazolylmethyl 

2- thiazolylmethyl 

2- oxazolylmethyl 
5-tetrazolylmethyl 

-25 4-py-r-i-dylmethyl 

3- py r i dy Ime thy 1 
^2^pyridylmethyl 
benzyl 

" 4-H02C-benzyl 
30 4-H2NC0-benzyl 

4- CH30-benzyl 
4-HO-benzyl 
4-R^^O-benzyl 



CH3 


OH 


ally! 


CH3 


OH 


allyl 


CH3 


OH 


allyl 


CHo 

•J 


OH 


allyl 


CH3 


OH 


allyl 


CHo 


OH 


allyl 


CHo 


OH 


allyl 


CH3 


OH 


allyl 




OH 


allyl 


CH3 


OH 


allyl 




OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 


CH3 


OH 


allyl 
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CHo H allyl 

4-Cl-benzyI . ^ ^^^^^ 

4-(CH3)2N-benzyl CH3 H allyl 

3-H02C-benzyl ^^^^^ 

3-H2NC0-benzyl ch! H allyl 

5 3-CH30-benzyl ^ ^ ^^^^^ 

3-HO-benzyl ^ ^ ^^^^^ 

3-RllG-benzyl 3 ^ ^^^^^ 

3-ei-benzyl _ ■ ^ ^^^^^ 

3-(-CH3)2N-benzyl 3 ^ ^^^^^ 

10 2-HG2C-benzyl 3 ^ ^^^^^ 

2-H2NC0-be^zyl 3 ^ ^^^^^ 

2-CH30-benzyl CH3 H allyl 

2-HO-benzyl . CH3 H_ allyl 

2_Rll0-benzyl CH3 H allyl 

15 2-Cl-benzyl ^ ^^^^^ 

2- (GH'a)2N-benzyl - ■» 

3- c4yxidyl>-i-i^azol-2-yl.etbyl ^3 H ally 

3-<3-pyridyl)-iiiiidazol-2-ylmethyl CH3 H allyl 

3-(2-pyridyl)-iinidazol-2-ylinethyl CH3 H allyl 

20 3-phenyliinxdazol-2-yln.ethyl ^3 = -^^^ 

3_(4-H02C-phenyl>-imidazol-2-ylnietliyl CH3 H aliyi 

3-(4-H2KCO-pIxenyl>-imidazol-2-ylmethyl CH3 H allyl 

3-(4-CH3Q-pbenyl)-iinidazol-2-ylinetliyl CH3 H allyl 

3-(4-H0-piienyl)-imidazol-2-ylinetliyl CH3 H allyl 

25 3_(4-Rll0-phenyl>-iinidazol-2-ylmethyl -CH3 H a_llyl 

3-(4-Cl-plienyl)-imidazol-2-ylinethyl CH3 H allyl 

3-(4-(CH3)2N-Phenyl4-imidazol.2-ylmet^^^ CE3 H allyl 

3-(3-H02C-phenyl)-iinidazol-2-ylinethyl CH3 H allyl 

3-(3-H2NC0-phenyl)-imidazol-2-ylmethyl .CH3 H allyl 

30 3-(3-CH30-phenyl>-iiiiidazGl-2-ylinethyl CH3 H allyl 

3_(3-H0-phenyl)-.imidiazGl-r2-ylinetliyl CE3 E aiiyi 

3-(3-Rll0-pbenyl)-iinidazol-2-ylinethyl CE3 E allyl 

3-(3-Cl-phenyl)-imidazol-2-ylinethyl CE3 E allyl 



wo 93/05058 



PCT/US92/07508 



-97- 



3-(3-(CH3)2N-phenyl)-xmida20l-2-ylinethyl 


CH3 
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allyl 


3-<2-H02C-phenyl)-imidazol-2-ylinethyl 
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-H2NC0-behzyl 
■CH30-benzyl 
•HO-benzyl 
-R^^O-benzyl 
■Cl-benzyl 
CH3)2N-benzyl 

4-py r idyl ) - imi dazol-2-y Imethyl 

3- pyr idyl )-iini dazol-2-ylniethyl 

2- pyridyl)-imidazol-2-ylmethyl 

ihenylimidazol-2-'ylinethyl 

4- H02C-plienyl)-iiaidazol-2-ylinethyl 
4-H2NC0-plienyl)-iinidazol-2-ylmethyl 
4-CH30-phenyl>-imidazoI-2-ylinethyl 
4-HO-phenyl )-iniidazol-2-ylniethyl 
4_Rllo_phenyl)-ijnidazoi-2-ylmethyl 
4-Cl-pheiiyl)-iinidazol-2-ylinethyl 
4-(CH3)2N-pbeiiyl)-iniidazol-2-ylmethyl 

3- H02C-phenyl)-iinidazGl-2-ylmetiiyl 
3-H2NC0-pbenyl)-imidazol-2-ylmethyl 
3-CH30-phenyl )-iinidazol-2-ylniethyl 
3-HO-plienyl )-iiiiidazol-2-ylniethyl 
3_Rllo_pheiiyl ) - imi d azol-2-y Imet hyl 
3-Cl-phenyl >-imidazol-2-ylinethyl 

3-< CH3 > 2N-phenyl ) -imi dazol-2-ylniethyl 
2-H02C-phenyl)-imi-da2ol-2-ylmethyl 
2-H2NC0-phenyl)--imidazol-2-ylmetliyl 
2-eH30-phenyl ) -i midazol-2-y Imethy 1 
2-HO-phenyl >-imidazol-2-ylinethyl 
2_Rllo-phenyl )-imldazol-2-ylmethyl 
2-Cl-phenyl )-imidazol-2-yliiiethyl 
2- (CH3 ) 2N-plieny 1 ) -imi dazol-2-ylmetbyl 
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1- imidazolylmethyl 

2- imidazolylmethyl 

3- thia20lylmethyl 

2- thi azolylmethyl 
5 2-oxazolylmethyl 

5-tetrazolylmethyl 

4- py r i dy Imethyl 

3 - py r i dy Ime thy i 

2- pyridylmethyl 
iO benzyl 

4- H02C-benzyl 
4-H2NC0-benzyl 
4-CH30-benzyl 
4-HO-benzyl 

15 4-R^^0-ben2yl 
4-Cl-benzyl 
4-(CH3)2N-benzyl 

3- H02C-ben2yl 
3-H2NC0-benzyl 

20 3-CH30-benzyl 

3-HO-benzyl 

3-R^^O-benzyl 

3-Cl-benzyl 

3-(CH3)2N-ben2yl 
25 2-H02C-benzyl 

2-H2NC0-benzyl 

2-CH30-benzyl 

2-HO-benzyl 

2-R^^O-benzyl 
30 2-Cl-benzyl 

2-(CH3)2^^"ben2yl 

3_(4-pyridyl)-iinidazol-2-ylmethyI 
3_(3-pyridyl)-iniida20l-2-ylmethyl 
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3- ( 2-py r i > -i™^ dazoi-2-y Imethy 1 
3-plienyliinidazoi-2-ylmethyl 
3-(4-H02C-plienyl)-imldazol-2-ylmethyl 
3- ( A-H2NC0-phenyl )-imi dazol-2-ylmethyi 

5 ■ 3_(4_CH30-phenyl)-imidazol-2-ylmethyl 
3- (4-HO-phenyl ) -imi daz:0l-2-yimethyl 
3_(4_Rllo-phenyX)-iinidazol-2-yliiiethyl 
_3_(4=,Cl-.plieny.l)-imidazol-2^ylinethyl 
_3.-^(4-<CH3)2N-pbenyX)-iinidazol-2-ylmethyl 

10 3_(3-H02C-phenyl)-imidazol-2-ylmethyl 
3-(3-H2NC0-pIienyl)-iinidazol-2-ylinethyl 
3_(3-CH30-phenyl)-imidazol-2-ylmethyl r 

3- ( 3-HO-plienyl ) -imi d azol-2-Tylmethyl 
3^(3^Ril0--phenyl-)-iniidazol-2-ylmethyl . 

15 3_(3-Ci-pheiiyl) -imi dazol-2-y Imethy 1 

3- (3- ( CH3 ) 2N-phenyl )-imi<Jazol-2-ylmethyl 
3-(2-H02C-plieiiyl)-imidazol-2-ylmetiiyl 
3-(2-H2NC0-plienyl)-imidazol-2-ylmethyl 
3-C2-CH30-pheiiyl>-imidazol-2-ylmethyl 

20 3_(2-H0-pheiiyl>-imidazbl-2-ylm6thyl 

3-(2-R^^0-plienyl>.-imidazol-2-ylmethyl 

3-(2-Cl-phenyl>-imidazol-2-ylmethyl 

3-(2-(CH3)2N-phenyl)-imidazol-2-ylmethyl 
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The. starting materials for the preparation 
of the compounds of this invention axe represented by 
30 Formula 11: 
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wherein: 

E is hydrogen ox methyl; . 
W is b or (H, OH): 

r3 is hydrogen, hydroxy, or Ci_6 alkosy; 
5 R* is hydrogen^ or and taken together form a 
double bond; 
r5 is methyl, ethyl, propyl or allyl; and 

li- is i— or 2. 

j^O The produc^ion'and cbaFacterization of 

compounds of Formula XI is well known in the 
literature (see H T F^^tent No, 4.894,3^e issued 
■ January 16. 1990; W F Patent T^o. 4,^?9>m "sued 

TY^nr 1^-^- P.^:p5t^^ issued April 

15 15. 1966 ; irT,n p^^SI .•rntiOTi No ■ 0. 32?. 042. ; lES. 

■o^^^ jAr.^inrr 'r^rr-n rtrjf,: 399: fB T PipclogVTe 63-17884 ; 
J f. ^ rispn.. SQC . 198_7. Ifil. 5031; T Ai^tiMotiCff . 
1987 M. at^i-^ Miotics. 1988. 41<11). 1592; 

aiid T A^^.'l^io-hics. 1992. :&i<l>. US)- Both 

20 biological fermentation and synthetic processes may 
be found. A synthetic . route to compounds of Formula 
II can involve modifications of a route described in 
T A.n rKPtn. Soc. . 1989;, 111. 1157. • 

Biological fermentation followed by 

25 synthetic modification is presently favored in the 
art as the"method to produce^ compounds-of -Formula 
II. Organisms belonging to the genus f >treptomYCea 
such as f:i-T-p pt:omvces tsiik vbaensAs . No. 99.93 and 
^-^^^ pl-omvceg iiypT-ncronicus.. var , a8?:CO»nvcetiS .. No. 

30 14891 placed in an aqueous nutrient medium will 

produce desired compounds in- isolable amounts. The 
nutrient medium contains sources of assimilable 
carbon and nitrogen, preferably under aerobic 
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conditions. Produced in fermentation are four 
compounds of Formula II, (A) where E is methyl, W is 
0, r2 is hydroxyl, is hydrogen, is allyl and n 
is 2; (B) where E is methyl, W is 0, R^ is hydroxyl, 
5 is hydrogen, R^ is ethyl and n is 2; (C) where E 

is methyl, W is 0, R^ is hydroxyl, R* is hydrogen, r5 
is methyl and n is 2; and (D) where E is methyl W is 
0, r3 is hydroxyl. R^ is hydrogen, R^ is allyl and n 
is 1. 

10 A lyophilized sample of the isolated 

fj-hreptomvces tsukubaensis . No. 9993 was deposited 
with the Fermentation Research Institute, Agency of 
Industrial Science and Technology (No. 1-3, Higashi 
1-chome, Yatabema'chi Tsukuba-gun, — Ibaraki Prefecture, 
. Japan) under the deposit number of FERW P-788e 
(deposit date: October 5th, 1984), and then 
converted to Budapest Treaty route of the same 
depository on October 19. 1985 under the new deposit 
number of FERM BP-927 . 

20 Using the four compounds produced in 

fermentation above, the remaining compounds of 
Formula II. may be easily produced. The allyl of R^ 
may be conveniently reduced to propyl by well known 
methods, for example as described in TJ,Si Patent NO- 

^5 4,894.366 . The hydroxy of R^ may be protected by 
well known methods, for example as disclosed in ggQ 
Publication No. 0.323.042 . Likewise, the hydroxyl at 
C-4'' may alsb be protected. In addition, the 
-hydroxy of R^ may be reduced to a hydrogen or 

30 eliminated to form a double bond with R^ (by methods 
disclosed in U.S. Pate nt No. 4.894.366, EEQ 
pnblicatinn No. 0.323.042 or EPQ Publication 1^0 > 
0.413. 532 ). The carbonyl of W may be reduced to the 
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alcohol by methods disclosed in EEQ PiiMl ration m. 
n ■^7^.042 or by methods disclosed in KPQ ?nT7?iC&t^on 

T<^^, 645. 975. ■•• , . 

The methyl of E as produced may be replaced 

5 with hydrogen or demethylated and subsequently 
protected as desired, if necessary. This 
demethylation of compounds wherein E is methyl may be 
carried out in a fermentation reaction using the 
compounds of Formula II. as a feedstock. For 

10 instance, compound A named under Formula II above may 
be demethylated at E above by using the microorganism 
^.^i^^ams^stsOSS. ATCC NO. 53771 (described in IL^ 
^P^^, ^ A qfli ..792 !> or by using the microorganism 
c^..T.-homvces tajfcuhsfinsia. NO. 9993 Cdescribed in EEQ 

15 ^, KT. ..^,-on NO n ^53. 678^ . Similarly, compound B 

named- under Formula II above may be demethylated at E 

above using the microorganism ftrtinopl f^nacetg 
ATCC No. 53771 Cdescribed in TiPO Fiiblir^tion Hp. 
n ?49.06i :> . In addition the compound of Formula II 

20 wherein E is H» W is 0. r3 is hydroxy, is 

hydrogen. r5 is ethyl and n is 2 may be produced 
directly by fermentation using the mutant 
microorganism ptrf rtomvces hyCTQSCOPiCVS sup. 
^f ..»n,^r.ticus . NO. 53855 (being a blocked mutant of 

25 ctr^r^nnivres vypr""^»?^t;us sup. aprOTTlYreta^VS . No. 
14891) (as described in F?0 P^iblicafiOT) No, 
n ,;^88-.152 ). Similarly, the compound- of-Formul a II 
wherein E is hydrogen.; W is 0. r3 is. hydroxy. R is 
hydrogen. R^ is methyl and n is 2 may be produced 

30 directly by fermentation using the mutant 

microorganism ptTPPtomYces h yg r oscopicug sup. 
.o.nn.^Apticus. NO. 53855 (being a blocked mutant of 
Pt^>» r^-"'°^^^s Uygi-osropictts sup. ^flromYCffticus , no. 



14891) r T:pn Pi,hlic ^t-i on Wo. Q. 388. 153). The hydroxy 
of C-3" may be protected by methods similar to those 
known for the protection of the hydroxyl groups of 
and/or C-4", for example as disclosed in iy,S> Patent 
y^n. 4.894.366, 

Suitable protecting groups for hydroxyl 
include those groups well known in the art such as: 
methylthiomethyl, ethylthiomethyl ; trisubstituted 
silyl such as trimethylsilyl , tr i ethyls i lyl , 
tributylsilyl. tri-i-propylsilyl , t-butyldimethyl- 
silyl. tri-t-butylsilyl, methyl-d i phenyl si lyl . 
ethyldiphenylsilyl. t-butyldiphenylsilyl, and the 
like; acyl such as acetyl, pivaloyl benzoyl, 
4-methd:^benzoyr, ~4-oir trobenzoyl" an ic -acyl 

substituted with aromatic group, which are derived 
from carboxylic acids; and the like. 

Compounds A, B, C and D of Formula II, 
organisms to produce the same, conditions of 
fermentation, separation techniques, and chemical 
modification of the products are fully described in 
g^ , !s. Patent No, 4.894.366 . dated January 16, 1990. 
T T Patent No. 4.929.611 . issued May 29, 1990 and 
n.s. Patent- No. 'S. 110. 811 . issued May 5, 1992. 

The novel processes for preparing the novel 
compounds of the present^invention are "illustrated as 
follows, wherein R^, R^. R^, r5,r6, r7, r8, r9^ rIO^ 
-^r1-1 W and n are as defined above unless otherwise 
indicated. It will be readily apparent to one of 
ordinary skill in the art reviewing the synthetic 
route depicted below that other compounds within 
Formula I can be synthesized by substitution of 
appropriate reactants and agents in the syTithesis 
shown below. 
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REACTION SCHEME B 




CHgO OCH3 
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PF-ArTTON SCHEME P 
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i KKACTIQN FH^'^- f (CONT'D^ 
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PKACTTON SCHEME A; 

AS Shown in Reaction Scheme A. a solution of 
a 4"_hydroxy-3"-inethoxy macrolide 1 in,an inert 
organic solvent such as methylene chloride, benzene. 
5 toluene, chloroform, or the like or mixtures thereof 
is treated with a triheterbarylbismuth diacetate 
reagent (wbprein is heteroaryl) (prepared 
immediately prior to use by the addition of acetic 
acid to a suspension of a triheteroarylbismuth 
10 carbonate in an inert organic solvent such as 

methylene chloride, choroform or the like or mixture 
thereof) in the presence of a catalytic amount of 
copper(II) acetate at a temperature of 2p-50»C. 
preferably room temperature, for a period of one hour 
15 to seven days, preferably one day. to give the 
4."-0-heteroaryl-^3"-methoxy macrolide 2.. Alter- 
natively, the triheteroarylbismuthCV) reagent can be 
prepared by treatment of a triheteroarylbismuthine 
with a suitable oxidant such as peracetic acid. 
20 benzoyl peroxide, hydrogen peroxide, iodobenzene 

diacetate. bis (tr if luoroacetoxy) iodobenzene and the 
like in an inert solvent such as methylene chloride , 
chloroform, benzene, toluene and the like. The 
triheteroarylbismuth(V>_reagent can be used without 
25 purification or can be purified by silica gel 

chromatography. Triheteroarylbismuthines may be 
prepared by the reaction of an appropriate heteroaryl 
Grignard reagent or lithiated heteroaryl species with 
bismuth trichloride in an inert organic solvent such 
as tetrahydrofuran, diethyl ether, toluene, or 
1.4-dioxane. or mixtures thereof, at or near room 
temperkture for a period of 1 to .48 hours. General 
procedures for the preparation and use of triaryl 



30 
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bismuth reagents may be found in Barton, D.H.E. , et 
al., J. Chem. Soc . Che m. Commun. . 1986, 65 and 
references cited therein. 

5 T^Pagtion Scheme B; 

Similarly, as shown in Reaction Scheme B, a 
solution of the 3'*, 4"-dihydroxy macrolide 3. treated 
with a triheteroarylbismuth diacetate reagent as 
described in Reaction Scheme A, to give a mixture of 
the 3"-hydroxy-4'»-0-heteroaryl macrolide 4a, the 
3ii_0-heteroaryl-4"-hydroxy macrolide 4bllt and the 
3",4"-di-0-heteroaryl macrolide Ac.. At this stage, a 
solution of 3"-hydroxy-4"-0-heteroaryl macrolide M, 
or 3"-0-heteroaryl-4"-hydro3Ey macrolide Ml can be 
treated with a tr iarylbismuth diacetate reagent 
(prepared immediately prior to use by procedures 
analogous to those disclosed above)," to give 
3i»-.0-aryl-4"-0-heteroaryl macrolide or 
3»t_o-heteroaryl-4"-0-aryl macrolide respectively. 

20 

Reaction Scheme C; 

As shown in Reaction Scheme C the 14-hydroxy 
group of a macrolide ^ ox 5h (wherein R^, R^, R^ , 
rIO, W and n are as defined above) may be eliminated 
2^ by treatment with g-toluenesulf onic acid, 

benzenesulf onic acid or methanesulf onic acid in an 
inert organic solvent such as benzene, or toluene at 
from 40 ""C to 60 •C, for about 0.5 to 6 hours, or a 
sufficient period of time to eliminate the 14-hydroxy 
group. Neutralization with an aqueous solution of a 
weak base such as aqueous saturated sodium 
bicarbonate gives the 14 , 15-dehydro macrolides M or 
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^. The 14-hydroxy group may. also be eliminated .by 
activation followed. by basic elimination, as 
described in Tf.F T>a-i-PTi<- No. 4,894.366. .: 

By changing the sequence of synthetic steps. 
5 all possible variations of substitution can be 
achieved. 

T?i:.ar^-inn Srheme D; . _ _ _ 
As shown- in Reaction Scheme I>. a solution of 

10 the 4"-hydroxy 3"-metho^ macrolide X in an inert 
organic solvent such as methylene chloride, 
chloroform^ pentane, hexane, cyclohexane, heptane or 

^ -fixtures thereof is treated with a heteroarylalkyl. 

heteroarylalkenyl or heteroarylalkynyl 

15 trichloroacetimidate reagent (prepared by the 

reaction of an appropriate sodium alkoxide with 
trichloroacetonitrile. such as described by Wessel, 
H.P. . Iversen. T.. Bundle, p.R. , T, Chem, SOC , 
T>..v,-T, T^nn^.. I . 1985. 2247) in the presence of a 

20 mild acid catalyst such as trif luoro-methanesulf onic 
acid, p-toluenesulfonic acid, methanesulf onic acid, 
or mixtures thereof at a temperature of 20-50«C for a 
period of from one hour to seven days to give the 
4..=0=^heteroarylalkyl-, 4"-0-heteroarylalkenyl- or 

25 4.i_o-heterparyIalkynyl-3"-metho3cy macrolide 2a. 

T^paction Scheme E: 

Similarly, as shown in Reaction Scheme E» a 
solution of the 3" ,4"-dihydroxy macrolide 2 in an 
30 inert organic solvent such as methylene chloride, 

chloroform, pentane, hexane. cyclohexane, heptane or 
the like or mixtures thereof is treated with a 
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heteroarylalkyl, heteroarylalkenyl or hetero- 
arylalkynyl trichloroacetimidate (prepared as 
described in Reaction Scheme D) at a temperature of 
20-50*C, preferably 40'C, for a period of one hour to 

^ seven days, preferably 6 hours, to give a mixture of 
the 4"-0-heteroarylalkyl, 4"-0-heteroarylalkenyl , or 
4"-0-heteroarylalk3myl-3-hydroxy macrolide 4a.' » 
3"-0-heteroarylalkyl, 3"-0-heteroarylalkenyl , or 
31i^O=heter6arylalkynyl-4^1-hydrox3nnacrolide 4b' and 
the 3",4"-di"0-heteroarylalkyl,-heteroarylalkenyl or 
-heteroarylalkynyl macrolide 4c' . Subsequently, a 
solution of 4"-0-heteroaryl, 4"-0-heteroarylalkyl , 
4"-0-heteroarylalkenyl or 4"-0-heteroarylalkyTiyl-3- 
hydroxy macrolide 4a (from Reaction Scheme B or 4a' , 
or 3"-0-heteroaryl-, 3"-0-heteroarylalkyl, 
3"-0-heteroarylalkenyl , 3"-0-heteroarylalkynyl-4"- 
hydroxymacrolide 4b from Reaction Scheme B or 4Ji' can 
be treated with an arylalkyl. alkenyl or alkynyl 
trichloroacetimidate by procedures described above.) 
to give macrolides 5a' or 5h* . 

The procedures described in Reaction Schemes 
C and D may optionally be conducted following the 
procedures of Reaction Scheme E or F. Alternatively, 
the procedures described in Reaction Scheme F may be 

2^ performed. 

In any of the aforementioned Reaction 
Schemes, the macrolide (wherein R^ and/or R^ contains 
an alkenyl.. substituted alkenyl, alkynyl or 
substituted alkynyl and wherein R^ is hydroxy or C^.g 

30 alkoxy, R* is hydrogen, or r3 and R^ taken together 

form a double bond) can be reduced with tri-n-butyltin 
hydride in the presence of tetrakis(triphenylphosp- 
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hine> palladium (0) catalyst and acetic acid in an 
organic solvent such as toluene or tetrahydrof uran at 
or near room temperature for about 2 to 10 hours to 
give the. reduced macrolide. 

5 The procedures described in Reaction Scheme 
F may be conducted on the mono-substituted products 
of Reaction Scheme B.(and visa versa> to obtain the 
mixed di substituted compounds. In fact, within 
"Reaction Schemes B-and r-,-treatment_of the. 

10 mono-substituted product with a different reagent 
will afford the mixed disubstituted compounds- 

— Rpaction -Srlieme F: j 

Protection of the C-3", C-4" and /or the C-14 

15 hydroxyl group.(s) may be accomplished by methods 
known in the prior art for compounds of Formula II 
such as by treatment with: 2,6-lutidine and 
triisopropylsilyl trif luoromethanesulf onate in a 
solution of methylene chloride: 2,fr-lutidine and 

20 t-butyldimethylsilyl trif luoromethanesulf onate in a 
solution of methylene chloride; pyridine and acetic 
anhydride in a solution of methylene chloride; 
pyridine. and benzoyl chloride in a solution of 
dichlo.romethane;_ pyf idine and p-nitrobenzoyl chloride 

25 -in-a solution of d ichlorome thane : imidazole and 
t-butyldiphenylsilyl chloride in a solution of 
methylene chloride;, and the like. For example, as 
shown in Reaction Scheme F. the C-4".14-dihydroxy- 
C-3"-methoxy macrolide 2 may be protected at e-14 as 

30 the t-butyldimethylsilyl ether by treatment with 
t-butyldimethylsilyl trif luoromethanesulf onate in 
methylene chloride to. give the C-4'M4-di-0-TBDIlS 
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macrolide. Treatment with toluenesulf onic acid in 
methanol results in selective removal of the 
silyl ether to give the C-14-0-TBDMS macrolide 8. 

Reaction Schgpie g; 

As shown in Reaction Scheme G, the 
4"-hydroxy-3"-R2o macrolide 1 or alternatively the 
3"-hydroxy-4"-R2o macrolide (not depicted) (wherein 

- r3 -is-protected~hyd-roxy or— hydrogen) -may be reacted 
with an alkenyl trichloroacetimidate (wherein alkenyl 
is C3_io alkenyl) -under conditions described in 
Reaction Scheme E to give the 0-alkenyl macrolide 
in. Treatment with a stoichiometric amount of osmium 
tetroxide in an inert organic solvent, such as 
diethyl ether or tetrahydrofuran, in the presence of 

. an amine base» such as - pyridine , . at or near room 
temperature gives the corresponding glycol ii 
(wherein A is C^.q alkyl). Treatment of glycol H 
with sodium metaper iodate in a solution of 
tetrahydrofuran/water gives aldehyde 12.. 
Alternatively, the alkenyl macrolide IQ may be 
treated with sodium metaperiodate in the presence of 
a catalytic amount of osmium tetroxide in an organic 
solvent to give the aldehyde directly. Aldehyde 12. 
can be further oxidized to carboxylic acid li by any 
number of methods commonly- used . 



Reaction Scheme H: 

A variety of compounds may be prepared from 
aldehyde 12 as illustrated in Reaction Scheme H. 
Aldehyde 12 .may be reacted with a primary or 
secondary amine, HNR^R^ (wherein R^ and/or are as 
defined and contain(s) a heteroaryl group) in an 
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organic solvent such as tetrahydrofuran to give an 
■ imine which is reduced in situ with a hydride 
reducing agent, such as sodium cyanoborohydride. to 
give macrolide 14 bearing an aminoalkoxy 

5 functionality at C-4". Aldehyde IZ may also be 

reduced to the corresponding alcohol 15. by treatment 
with a hydride reducing agent, such as potassium 
triphenyl borohydride or sodium cyanoborohydride in 
- an- organic -solvent such -as- tetrahydrofuran. Alcohol 

10 1^ may be further modified by utilizing the methods 
of Reaction Scheme B (wherein iis as defined) or 
Reaction Scheme E to produce macrolide li.. The 

pr-ocedur-es_described in Reaction Scheme H are readily 

applicable to the prepara:tion of compounds bearing 

^5 analagous functionality at C-3". 

Amide derivatives may be prepared from the 
carboxylic acid 12 as illustrated in Reaction Scheme 
20 I. The carboxylic acid 13. may be coupled with a 

primary or secondary amine, HNR%^ (wherein R^ and/or 
r7 are as defined and contain(s) a heteroaryl group) 
by any of the peptide coupling methods commonly used 

- in-t-he-art .-such as yith BOF reaigent or DCC/HOBT. 

25 



A hydrosyl or fluoro group may be introduced 
at C-Zb: essentially by the procedures of Reaction 
Scheme J. As shown in Reaction Scheme R the 
30 4«',i4_dihydroxy macrolide (or the 14-deoxymacrolide) 
is protected as the di(t-butyldimethylsilyl ether) by 
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treatment with ±.-butyldimethylsilyl triflate in an 
inert organic solvent such as methylene chloride, 
chloroform or the like in the presence of a 
non-nucleophillic base such as 2, 6-lutidine. The 
diprotected macrolide is oxidized at C-20 as further 
shown in Reaction Scheme J by treatment with selenium 
dioxide in an alcoholic solvent such as ethanol in 
the~presence of pyridine at solvent "reflux * 
-temperature-to -give the 20-hydroxy macrolide (JUS) • 
The 20-hydroxy macrolide may be further derivatized 
at C-20 by alkylation, acylation or phosphorylation 
to give ether, ester or phosphate derivatives by 
procedures well known to the practitioner of the 
art. As further illustrated, treatment of the 
20-hydroxy 4'M4-di"0TBS macrolide with 
— diethylaminosulf ur trifluoride in an inert organic 
solvent such as methylene chloride, chloroform or the 
like at a temperature of about 0*C to -90*C, 
preferably about -78*C, gives the 20-fluoro 4", 
14-di-OTBS macrolide (12.). Removal of the cilyl 
ether protecting groups by treatment with hydrogen 
f luoride-pyridine complex in tetrahydrof uran gives 
the 20-fluoro 4" , 14-dihydroxy macrolide which may be 
further derivatized by any of the methods previously 
described. Reaction Scheme J may also be performed 
-on -the 3", 4", 14-trihydroxy macrolide to give the 
20-fluoro 3", 4", 14-trihydroxy macrolide. The 
procedures of Reaction Scheme J may be conducted 
prior to, concurrent with, or subsequent to the 
procedures of Reaction Schemes A-I. 
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The. object compounds of Formula I obtained 
according, to the reactions as eacpiained above can be 
isolated and purified in a conventional manner, for 
example, extraction, precipitation, fractional 
crystallization, recrystallization. chromatography, 

and the like. 

In the compounds! of Formula I, OR-'- may be 
substituted at C-4" or .C-3", or both C-4" and C-3" 
(wherein R?_is_indep.endently selected from the. . . 
definitions of R^) , but it is preferred that -OR^ is 
substituted at C-4". 

It is to be noted that in the aforementioned 
' reactions a nd the po st-treatment of the reaction 
mixture therein,, the stereoisomer(s) of starting and 
15 object compounds due to asymmetric carbon atom(s) or 
double bond(s) of the object compounds of Formula I 
may occasionally be transformed into the other stereo 
isomer (s), and such cases are also included within 
the scope of the present invention. 
20 In the present invention, compounds with 

asymmetric centers may occur as racemates, as 
diastereomeric mixtures^ and as individual 
diastereomers. with all isomeric forms of the 
compounds being A?ciuded_iri the present- invention. 
25 These may be prepared by methods such as those 

disclosed in publications which describe synthetic 
~~^tes to fragments of the macrolide FR-900506 .and 
the total synthesis of the macrolide FR-900506 itself 
An. rhpm. SQc. 1989, 111, 1157; .1 , f^m. Chgm. SOC- 
30 1990, 112 . 2998; t, f)r^. Chem. 1990, 27 86; J- Am ^ 

phPm. Soc. 1990, 112, 5583. TefrfihRdrgTX I^ett . 1988,. 
277; T»^-^^^«.^ron Lett. 1988, 21, 281; Tfitrahedron 

L£tt. 1988. 22., 3895; J. Orgr Chem. 1988, 51, 4643; 
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Tetrahedron Lett , 1988, 21, 4245; Tet rghedrpTTi tjett. 

1988. 21. 4481; J. Org. Chem, 1989, 5A. 9; J. Org. 
Chem. 1989. 54, 11; J- O rg, Chem, 1989, 54. 12; 
Org. Chem, 1989, 15; J. Org. Chem. 1989, 54, 17; 
Tetrahedron Lett . 1989, 211, 919; Tetrahedron Lett, 

1989. 20, 1037; J. Org, Chem. 1989, M. 2785; J. Qrg. 
Chem. 1989. 54, 4267; Tetrahedron Lett , 1989, 111, 

- Tetrahedron Lett . 1989. 6611; Tgtr^hgdrpn 

iifiit- 1989i 511, 6963: -Svnlett - 1-9-90. -38: - J. Org. Chem. 

1990. 55, 2284; Org. Chem, 1990. 55, 2771; Jr Qrg, 
Chem. 1990, 55, 2776; Tetrahedron Lett, 1990. 51, 
1439; Tetrahedron Lett . 1990. 31, 1443; Tet^ghedrpn 
Lett , 1990. 31, 3007; Tetrahedron Lett. 1990. 31, 
3283, 3287), 

The compounds of the present invention are 
^capable of^ forming salts with various inorganic and 
organic acids and bases and such salts are also 
within the scope of this invention. Examples of such 
acid addition salts (which are negative counterions 
defined herein as M") include acetate, adipate, 
benzoate, benzenesulf onate, bisulfate, butyrate, 
citrate . camphorate . camphorsulf onate, 
ethanesulf onate , f umarate , hemi sulfate , heptanoate , 
hexanoate , hydrochloride , hydrobromide , hydroiodide , 
methanesulf onate , lactate, maleate, methane sulf onate , 
2-naphthalenesulf onate,- oxalate, pamoate, per sulf ate, 
picrate, pivalate, propionate, succinate, tartrate, 
tosylate, and undecanoate. Base salts (which are 
positive counterions defined herein as M"*") include 
ammonium salts, alkali metal salts such as sodium, 
lithium and potassium salts, alkaline earth metal 
salts such as calcium and magnesium salts, salts with 
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organic bases such as dicyclohexylamine salts, 
N-methyi-D-glucamine. and salts with amino acids such 
as arginine. lysine and so forth. Also, the basic 
nitrogen-containing groups may be guaternized with 

5 such agents as: lower alkyl halides, such as methyl, 
ethyl, propyl » and butyl chloride, bromides and 
iodides; dialkyl sulfates like dimethyl, diethyl, 
dibutyl; diamyl -sulf ates; long -chain halides such as 
zjde-cylT lauryl— myristyl and stearyl chlorides. 

10 bromides and iodides; aralkyl halides like benzyl 
bromide and others. The non-toxic physiologically 
acceptable salts are preferred, although other salts 
are also useful, such as in isolating or purifying 
the product. 

15 The salts may be formed by conventional 

means,- such -as by- reacting, the free base form of the 
product with one. or more equivalents of the 
appropriate acid in a solvent or medium in which the 
salt is insoluble, or in a solvent such as water 

20 which is removed in vacilfi or by freeze drying or by 
exchanging the anions of an existing salt for another 
anion on a suitable, ion exchange resin. 

C. TT fjlitv o-F com p miTidfi withi-n the scPPe 

25 t^ft TTfvpTition 

The compounds of Formula. I _may be employed 

^as - immunosuppr es sants-or antimicrobial- compounds by 

methods and in dosages known in the prior art for 
compounds of Formula II. These compounds possess 
30 .pharmacological activity such as immunosuppressive 
activity, antimicrobial activity, and the like, and 
therefore are usefxil for the treatment and prevention 
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of the resistance to transplantation or transplan- 
tation rejection of organs or tissues (such as heart, 
kidney, liver, lung, bone marrow, cornea, pancreas, 
intestinum tenue, limb, muscle, nervus, medulla 
ossium, duodenum, small-bowel, medulla ossium, sKin, 
pancreatic islet-cell, etc. including xeno 
transplantation), graf t-versus-host diseases by 
"*medulla"~ossium tranisplantation", autoimmune 
— diseases such as -rheumatoid arthritis, systemic lupus 
erythematosis, nephrotic syndrome lupus, Hashimoto's 
thyroiditis, multiple sclerosis, myasthenia gravis, 
type I diabetes mellitus, type II adult onset 
diabetes, uveitis, nephrotic syndrome, steroid- 
dependent and steroid-resistant nephrosis, 
Palmo-planter pustulosis, allergic encephalomyelitis, 
-glomerulonephritis, etc., and infectious diseases 
caused by pathogenic microorganisms. 

The compounds of Formula I are also useful 
for treating inflammatory, proliferative and 
hyperprolif erative skin diseases and cutaneous 
manifestations of immunologically-mediated illnesses 
such as: psoriasis, psoriatic arthritis, atopical 
dermatitis, contact dermatitis and further eczematous 
dermatitises, seborrhoeic dermatitis. Lichen planus, 
Pemphigus, bullous Pemphigoid, Epidermolysis bullosa, 
urticaria, angioedemas , vasculitides , erythemas , 
-cutaneous -eosinophilias r acne Alopecia areata, 
eosinophilic fasciitis, and atherosclerosis. More 
particularly, the compounds of Formula I are useful 
in hair revitalizing, such as in the treatment of 
male or female pattern alopecia or alopecia senilis, 
by providing epilation prevention, hair germination, 
and/or a promotion of hair generation and hair growth. 
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The compounds of Formula I are further 
useful in the treatment of respiratory diseases, for 
example sarcoidosis, fibroid lung, idiopathic 
interstitial pneumonia, and reversible obstructive 

5 airways disease, including conditions such as asthma, 
including bronchial asthma, allergic asthma,: 
intrinsic asthma, extrinsic asthma and dust asthma, 
particularly chfbni'c~or inveterate- asthma- (for- 
example"late srsthma-^and-airway hyper- 

10 reponsiveness), bronchitis and the like. The 
compounds of Formula I may also be useful for 
treating hepatic injury associated with ischemia. 

The compounds of the invention are also 
indicated in certain eye diseases such as 

15 keratoconjunctivitis, vernal conjunctivitis, uveitis 
-associated with Behcet 's disease, keratitis, herpetic 
keratitis, conical cornea, dystorphia epithelialis 
corneae, corneal leukoma, ocular pemphigus. Moor en's 
ulcer, Scleritis. Graves' ophthalmopathy, severe 

20 intraocular inflammation, and the like. 

The compounds of Formula I are also. useful 
for treating multidrug resistance of tumor cells, 
(i.e. enhancing the activity and/or sensitivity of 
chemotherapeutic agents), preventing or treating 

25 inflammation of mucosa or blood vessels (such as 
leukotriene B-4=mediated diseases, gastric ulcers. 
~~vas^cular~ damage caused-by~ischemic-diseases and 
thrombosis, ischemic bowel disease, inflammatory 
bowel disease (e.g., Crohn's, disease and ulcerative 

30 colitis) necrotizing enterocolitis), or intestinal 
lesions associated with thermal burns, 
cytomegalovirus infection, particularly HCMV 
infection. 
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Further, the compounds of Formula I are also 
useful for treating or preventing renal diseases 
including interstitial nephritis, Goodpasture's 
syndrome, hemolytic-uremic syndrome and diabetic 

5 nephropathy; nervous diseases selected from multiple 
myositis. Guillain-Barre syndrome, Meniere's disease 
and radiculopathy; endocrine diseases including 
hyperthyroidism and Basedow's disease; hematic 
diseases including pure red cell aplasia, aplastic 
anemia, hypoplastic anemia, idiopathic 
thrombocytopenic purpura, autoimmune hemolytic 
anemia, agranulocytosis and anerythroplasia; bone 
diseases including osteoporosis; respiratory diseases 
including sarcoidosis, fibroid lung and idiopathic 
interstitial pneumonia; skin diseases including 
dermatomyositis , leukoderma vulgaris, ichthyosis 
vulgaris, photoallergic sensitivity and cutaneous T 
cell lymphoma; circulatory diseases including 
arteriosclerosis, aortitis syndrome, polyarteritis 
nodosa and myocardosis; collagen including 
scleroderma, Wegener's granuloma and Sjogren's 
syndrome; adiposis; eosinophilic fasciitis; 
periodontal disease; nephrotic syndrome; 
hemolytic-uremic syndrome; and muscular dystrophy. 

25 Further, the compounds of the invention are 

indicated in the treatment of diseases including 
intestinal inflammations/allergies such as Coeliac 
disease, proctitis, eosinophilic gastroenteritis, 
mastocytosis, Crohn's disease and ulcerative colitis; 

3^ and food related allergic diseases which have 

S3rmptomatic manifestation remote from the gastro- 
intestinal tract, for example migraine, rhinitis and 
eczema. 
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. The compouiMjs of the invention also have 
liver regenerating activity and/or activity in 
stimulating hypertrophy and hyperplasia of 
hepatocytes. Therefore, they are useful for the 

5 treatment and prevention of hepatic diseases such as 
immunogenic diseases (e.g. chronic autoimmune liver 
diseases including autoimmune hepatitis, primary 
biliary cirrhosis and sclerosing cholangitis) » 
partial liver resection, acute liver necrosis (e.g. 

1° necrosis caused by toxins, viral hepatitis, shock or 
anoxia), B-virus hepatitis, non-A/non-B hepatitis and 
cirrhosis. 

The compounds of the invention are also 
indicated for use as antimicrobial agents, and thus 

^5 may be used in the treatment of diseases caused by. 
pathogenic micr-oorganisms. and the like. 

The compounds of Formula I may also act as 
antagonists of macrocyclic immunosuppressive 
compounds, including derivatives of 

2° 12-(2 • -cyclohexyl-1 • -methylvinyl )-13 ,19 , 21 , 27-tet ra- 
methyl-11 , 28-dioxa-4-a2atr icycloC22 .3.1.0* • 9] octacos- 
18-ene, and so be useful in the treatment of 
immunodepression (such as AIDS, cancer, senile 
dementia, trauma (including wound healing, surgery 

25 and shock), chronic bacterial infection and certain 
central nervous system disorders), overdosages or 
toxicity of such immunosuppressive compounds, and as 
an adjunct to the administration of an antigen in 
vaccination. 

30 The pharmaceutical compositions of this 

invention can be used in the form of a pharmaceutical 
preparation, for example, in solid, semisolid or 
liquid form,, which contains one or more of the 
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compounds of the present invention, as an active 
ingredient, in admixture with an organic or inorganic 
carrier or excipient suitable for external, enteral 
or parenteral applications. The .active ingredient 
may be compounded, for example, with the usual non- 
toxic, pharmaceutically acceptable carriers for 
tablets, pellets, capsules, suppositories, solutions, 
emulsions, suspensions, and any other form suitable 

~f dr~use. -„The_zcarriers which can be used are water, 
glucose, lactose, gum acacia^ gelatin, mannitol, 
starch paste, magnesium trisilicate, talc, corn 
starch, keratin, colloidal silica, potato starch, 

„urea and other carriers suitable for use in manu- 
facturing preparations, in solid, semisolid, or 
liquid form, and in addition auxiliary, stabilizing, 
thickening and coloring agents -and perfumes may be 
used- For example, the compounds of Formula I may be 
utilized with hydroxypropyl methylcellulose 
essentially as described in n.S Patent No. 4,916.138. 
issued April 10, 1990, or with a surfactant 
essentially as described in SPQ ?ub3-jlcgtt Acn 
0.428 .169 . -Oral dosage forms may be prepared 
essentially as described by T, Hondo, et al.. 
Trans plan i-Ai-ion Proceedings > 1987. XIX.'Supp. 6. 
17-22. Dosage forms for external application may be 
prepared essentially as described in EPQ PublicatiQA 

~0 r423\ 714 ~The-active object compound is included in 
the pharmaceutical composition in an amount 
sufficient to produce the desired effect upon the 
process or condition of diseases. 

For the treatment of these conditions and 
diseases caused by ixnmmunoirregularity a compound of 
Formula I may be administered orally, topically, 
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parenterally. by inhalation spray or r6ctally xn 
dosage unit formulations containing conventional 
non-toxic pharmaceu.tically acceptable carriers, 
adjuvants and vehicles. The term parenteral as used 
5 herein includes subcutaneous injections, intravenous, 
intramuscular, intrasternal injection or infusion 
techniques. 

For the treatment of" reversible obstructive 
-airways ■diseaseT-i-t- is pref erable that the compound 
10 of Formula I be administered by inhalation to the 
lung, especially in the form of a powder. 

For modifying the activity and /or toxicity 
of FK-506-type immunosuppressants, a compound of 
Formula I may be administered prior to, in conjuction 
15 with oi subsequent to . the administration of an 

FK-506-type of a -compound. 

The compounds of Formula I may optionally be 
employed in co-therapy with anti-prolif erative 
agents. Particularly preferred is co-therapy with an 
20 • antiproliferative agent selected from the group 
consisting of: azathioprine. brequinar sodium, 
deoxyspergualin. mizaribine, mycophenolic acid 
morpholino ester, cyclosporin, and rapamycin. 

Dosage levels of the compounds of the present 
25 invention are of the order from about 0.005 mg to 
about 50 mg per kilogram of body weight per day, 
" preferably "from about-0.1 mg to about 10 mg per 
kilogram of body weight per day, are useful in the 
treatment of the above-indicated conditions (from 
about 0.7 mg to about 3.5 mg per patient per day., 
assuming a 70 kg patient). In addition, the 
compounds , of the present invention may be 
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administered on an intermittent basis; i.e. at daily, 
semiweekly, weekly, semi-monthly or monthly intervals. 

The amount of active ingredient that may be 
combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treated and the particular mode of administration. 
For example, a formulation intended for the oral 
administration of humans may contain from 0.5 mg to 5 
— gm of active agent "compounded with ah appropirrate and 
convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total compo- 
sition. Dosage unit forms will generally comprise 
from about 0.01 mg to about 500 mg, and preferably 
about 0.5 mg to about 100 mg of active ingredient. 
For external administration the compound of Formula I 
^may be f ormulated^within the range of , for example, 
0.0001% to 60% by weight, preferably from 0.001 to 
10% by weight, and most preferably from about 0.005 
to 0.8% by weight. 

It will be understood, however, that the 
specific dose level for any particular patient will 
depend on a variety of- f actors including the activity 
of the specific compound employed, the age, body 
we ight, general health, sex, diet, time of 
administration, route of administration, rate of 
excretion7"~drug~combination and the severity of the 
particular di'sease undergoing therapy. 

The following examples are given for the 
purpose of illustrating the present invention and 
shall not be construed as being limitations on the 
scope or spirit of the instant invention. 
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X7-Ethyl-l-hydroxy-12-[2'.-(4"-hydroxy-3"-methoxycyclo- 
hexyl)-l • -methylvinyl]-23 , 25-diniethoxy-13 , 19 , 21 .27- 
5 tetramethyl-ll , 28-dioxa-4-azatricyclo-C22 .3.1.0^ •^1- 

r^^ t^*-"'^-!" -""*'-^ - ^- " ■ ft-tetraone _ 

A solution of 500 mg of 17-ethyl-1.14-di- 
hydroxy-12-[2 • -(4"-hydroxy-3"-methoxycyclolie2yiy-l « - 
--tehylvirnyll-23,25-dimetlio^-13. 19721 .27-tetramet^^^ 

10 11 , 28-dioxa-4-azatr icyclo[22 . 3 .1. 0*« 9] octacos-^18- 

ene-2..3,10,16-tetraone in 7 ml of benzene was treated 
with 10 mg of p-toluenesulfonic acid and the solution 
was heated at 60 •€ for two hours. The reaction 
mixture was quenched into saturated sodium 

15 bicarbonate solution and extracted with ethyl 
" acetate. The combined organic layers were washed 
with water and saturated sodium chloride solution, 
dried with anhydrous magnesium sulf ate and 
concentrated. The residue was chromatographed on 

20 silica gel (66% ethyl acetate: 33% hexane: 1% 

methanol) to give 350 mg of product. This material 
was dissolved in 10 ml of ethyl acetate and treated 
with 15 mg of 5% Rh/C. A balloon containing hydrogen 
was placed-Gver the reaction mixture and the mixture 

25 -stirJ^ed until the reaction was complete. The mixture 
was filtered through diatomac'eous earth, concentrated 
and the residue subjected to chromatography (75% 
CH2CI2: 5% MeOH: 207^ Hexane) to give 294 mg of 
product . 

30 
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17-Ethyl-l"hydroxy-12-C2»-(4",3'""dihydroxyo3cycyclo- 
hexyl )-l « "methylvinyl]-23 , 25-diiiiethoxy-13 ,19,21, 27- 
tetramethyl-ll ,28-daoxa-4-azat^icyclo- 
I22,,iJ^^>9J^^^^^^^^^^^ 

A solution of 17-ethyl-l , 14-dihydroxy-12-C2 • 
(4"-hydroxy-3"-hydroxycyclohexyl)-l •-methylvinyl]- 
23 , 25-dimethoxy-13 ,19,21, 27-tet ramethyl-ll , 28-dioxa- 
4-azatr icyclo-[22, 3 . 1 . ^] octacos-18-ene-2 ,3,10, 16- 
tetraoiie C210-mg-> and- a-catalytic- amount -of- - 
p-toluenesulf onic acid in 40 ml of benzene was 
refluxed for 4 hbiirs under a nitrogen atmosphere. 
The solvent was removed under reduced pressure and 

the_dark residue_was purified by chromatography 

(silica gel, 7% i-propanol/CH2Cl2) to give 
17-ethyl-l-hydroxy-12-[2»-(4'*-hydroxy-3"-isopropyloxy 

— cyclohexyl*)-! ' -methylvinyl]-23-, 25-dimethoxy-13 , 19 , 21 , - 

27- tetramethyl-ll , 28-dioxa-4-azatricyclo- 

[22 . 3 . 1 . 0^' 5]octacos-14, 18-diene-2 , 3 , 10 . 16-tetraone 
(180 mg) as a white solid. This material was 
dissolved in ethanol (20 ml) and treated with 5% Bh/C 
(40 mg). Hydrogen was introduced via balloon for 30 
min, and the mixture was filtered through celite. 
Removal of solvent followed by chromatography (silica 
.gel) gave 172 mg of the title compound. Mass, and 
__A?C NMR data were consistant with the title structure. 

17-Ethyl-l-hydroxy-12-[2 •-(4"-triisop^opylsilyloxy-3*'- 
methoxycyclohexyl)-l.•-methylvinyl]-14-triisopropyl- 
silyloxy-23 , 25-dimethoxy-13 ,19,21, 27-tetramethyl-ll , - 

28- dioxa-4-a2atr icyclo-[22 . 3 • 1 • 0* • ']octacos-18-ene- 
2. 3 .10. 16-tetraone 

To a cooled solution (0*C) of 17-ethyl-l, 14- 
dihydroxy-12-[2 '-(4 • '-hydroxy-3' '-methoxycyclohexyl)- 
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1 . -methylviiiyl]-23 . 25-diinetho^-13 . 19 . 21 . 27-t etta- 
iiiethyl-ll,28-dioxa-4-azatr icyclo[22. 3 .1.0']- 
octacos-18-ene-2.3.1G,16-tetraone (120.mg) in- dry 
methylene chloride <15 ml) was added 2.6-lutidine 

5 (64 3 mg) followed by -triisopxopylsilyl trifluoro- 
methanesulfonate <184 mg) . Reaction temperature was 
raised to r.t. and stirred overnight under nitrogen 
atmosphere. The reaction was quenched with 10 ml of 
water and . e^ract-ed-with- ethyi acetate. Organic. 

10 layer was washed (water, sat'd NaHCOa. safd NaCl) 
and dried (anhydrous MgS04) . Removal of solvent 
followed by chromatography on silica gel <70% 
-fiexarie/ethyl acetate) gave 150. mg. of product. 
MASS: (FAB) 1110 (M+ + Li). 

15 ■ • - - 

17-Ethyl-l-hydroxy-l2-£2 • -.(4"-hydroxy- 
3.._methoxycyclohesyl)-l'-methylvihyl]-14-triisopropyl- 

silyloxy-23 , 25-dimethoxy-13 . 19 . 21 . 27-tetramethyl-ll . - 
28-.dio3ca-4-azatricycloC22. 3.1.0*. 9]-octacos-18-ene- 

20 ;^ , q in.l6 -»ptraone : ■ ; 

, The title compound from the previous 
preparation (680 mg) was dissolved in methylene 
chloride (45 ml) and 10% solution of p-toluene- 
sulf-oni^aciTi- in-methanol-(-45-ml-)-was added with 

-25 -^tirringr The-mixture was -stirred at room 

" -temperature and- the progress was followed by tic. 
analysis. After 4 hr. reaction was quenched with 
sat'd sodium bicarbonate and extracted with ethyl 
acetate three times. Normal work-up and removal of 
30 ■ solvent followed by purification on silica gel column 
(807o ethyl acetate/hexane) gave 560 mg of the product 
(2a) as a white solid. MASS: (FAB) 954 (M+ + Li). 
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17-Ethyl-l-hydroxy-12-[2'-(4"-t-butyl" 

d ime thy 1 s i ly loxy-3 ' '-methoxycy clohexy 1 ) -1 ' -me thyl- 

vinyl]-14-t-butyldimethylsilyloxy-23,25-dimethoxy- 

13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-azatr i-cyclo- 

r22 ■ 3 ■ 1 . 0 ^^ 9Toci-acQs-18-ene-2 . 3 . 10 . 16-tetraQne 

To a cooled solution (0'C> of 17-ethyl- 
l,14-dihydroxy"12-C2'"(4' •-hydroxy-3' '-methoxycyclo- 
hexyl )-l ' -methy 1 vinyl ] -23 , 25-d imethoxy-13 ,19,21, 27- 
-tetra-methyl-11 .-28-dioxa-4-a2atricyclo[22 .3.1. 
octacos-18-ene-2,3,10,16-tetraone (la) (395 mg) in 
dry" methylene chloride (15 ml) was added 2 ,-6-lutidine 
(160 mg) followed by t-butyldimethylsilyl 
trif louromethanesulf oxxate (250„mg)„._. Reaction 
temperature was raised to r.t. and stirred under 
nitrogen atmosphere. After 6 hr , the reaction was 
"quenched with~l"0~ ml of water and extracted with ethyl 
acetate. Organic layer was washed (water, saturated 
NaHC03, saturated NaCl) and dried (anhydrous MgS04). 
Removal of solvent under reduced pressure gave 500 mg 
of crude product. MASS: (FAB) 1023 (M+ + Li). 

17-Ethyl-l-hydroxy-12-[2«-(4"--hydroxy- 
3"-methoxycyclohexyl)"l •-methylvinyl]-14-t-butyl- 
_dimethylsilyloxy-23 , 25-dimethoxy-13 , 19 , 21 , 27-tetra- 
methyl-11 , 28-dioxa-4-a2atricyclo[22 . 3 . 1 . 0* » 9]- 

Qctacos-18-ene-2 . 3.10 . 16-tet raone 

The product from the previous example (500 
mg) was dissolved in acetonitrile (20 ml) and 100 ml 
of hydrogen fluoride (48%) was added. Reaction was 
stirred for 20 minutes at room temperature, quenched 
with saturated sodium bicarbonate, then extracted 
with ethyl acetate. Removal of solvent in vacuo 
followed by chromatography on silica gel (80% ethyl 
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acetate/ hexane) gave 300 mg of product (Mass. and 
• 13c NMR data consistent witb the title compound. 

17-Ethyl-l-bydroxy-12-[2 • _(4"-(text-butyldlmethylsil- 

5 oxy)-3'"-liydro3cycyclohexyl)-l'-methylvinyl3-23,25- 

diniethoxy-13 ,19,21 .27-tetramethyl-lX .28-dioxa-4-aza- 
^-.•irvcior22.3.l.O^ • 9 inri-aros-]fi-ene-2 .3.1 Q , l^-tetreone 

To. a solution of 17-ethyl-l-hydioxy-12-[2 
(3" , 4"-diliydroxycyGlohe2yl-)-l •-methylvinyl]-23 ,25- 

10 dimetlioxy-13, 19 .21 ,27-tetrainethyl-11.28-dioxa-4-aza- 
tricycloC22 .3 . 1 . 04, 9]octacos-18-ene-2 , 3 , 10, 16-tetra- 
one (3.01 g) in dry methylene chloride (70 ml) was 

added an excess-of- imidazole-^(809. mg)- followed by 

tert-butyldimetbylsilyl chloride (716 mg) . After 3 

15 days of stirring at room temperature, the mixture was 
diluted with ethyl acetate wbich in turn was washed 
with IN HCl, saturated sodium biciarbonate and brine, 
dried over magnesium sulfate and purified by flash 
chromatography (ethyl acetae:hexane (1:3)) to give 

20 the title compound (941 mg) . % NMR consistent with 
the desired structure. 

17-Ethyl-l-hydroxy-12-C2 ' -(4"-(tert-butyldimethyl- 

s ilyloxy)-3 ■'-methoxycy.clohexyD-ll^methylyinyl J-23 , 25- 

-25 d imethoxy-1-3 . 19 , 21 , 27-t et ramethyl-11 , 28-d i oxa-4- 
azatricyclo[22 . 3.1 . 0* • 9]octacos-18-ene-2 . 3 . 10 , 16- 

f-Pl-raone 

TO a solution of 17-ethyl-l-hydroxy-12^r2'- 
(4"-hydroxy-3"-methoxycyclohexyl)-l • -methylvinyl]-23 , 2 
30 5_dimethoxy-13, 19,.21,-27-tetramethyl-ll,28-dioxa-4- 
a^atr icyclo [22, 3.1.0*' 5 ]oetacos-18-ene-2 . 3 , 10 , 16- 
tetraone (200 mg) in dry methylene chloride (3 ml) 
was added an excess of 2,6-lutidine (45 M-D the 
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mixture was stirred at room temperature. After 10 
minutes, tert -butvldimethylsilyl trif luoromethane- 
sulfonate (64 ^il) was added by syringe. After 15 
minutes the reaction mixture was diluted with ethyl 
acetate, extracted from saturated bicarbonate, washed 
with brine and the organic phase dried over magnesium 
sulfate. Removal of solvent in vacuo and flash 
chromatography on silica gel (ethyl acetate: hexane 
._Cl_:2)_+_17o-methanol)_gave-_the._title compound (235 

mg)- 

(^H NMR consistent with the desired structure). 



10 



17-E thyl-1. 20-d ihydroxy"12-[2'-(4"-tert"butyldimethyl- 
silyloxy>-3"-methoxycyclohexyl>-4"l'-methylvinyl3-23 ,2 
5-dimethoxy-13 , 19 , 21 , 27-tet ramethyl-11 , 28-dioxa-4-aza- 
■ tri-cvclQr22 .3.1.0 ^ » 9Togtacos-18-ene-2 ,3.10 . 16-tetraone 
To a stirred solution of 17-ethyl-l-hydroxy- 
12-[2'-(4"-(tert^butyldimethylsilyloxy)-3""methoxy- 
cyclohexyl)-l ' -methylvinyl]-23 , 25-dimethoxy-13 ,19,21, 

2° 27-tetramethyl-ll , 28-dioxa-4-a2atricyclo[22 . 3 .1 . 0* » 9] 
octacos-18-ene-2,3,10,16-tetraone (235 mg) in 95% 
- ethanol (2.2- ml) was added 53 jil of pyridine followed 
by selenium dioxide (58 mg). The flask was fitted 
with a water condenser and heated to 70*C on a 

25 ^antle. After 20 hours the mixture was cooled to 

room temperature filtered through diatomaceous earth 
and the filtrate poured into a saturated sodium 
bicarbonate solution. This was extracted with ethyl 
acetate, washed with brine and dried over magnesium 
sulfate. The solution was concentrated and purified 
by flash chromatography on silica gel (ethyl acetate: 
hexane (1:2) + 17. methanol) to give the title 
compound (89 mg). 

i^E NMR consistent with the desired structure). 
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17-Ethyl-20-flaioro-l-hydroxy-l2-C2'-(4"-<tert-butyl- 
diinethylsiloxy)-3"-methozycycXohexyl)-l'-methylvinyl]- 

23 . 25-dimethoxy-13 . 19 . 21 . 27-tetramethyl-ll . 28-dioxa- 
A-azatr icycloC22 .3.1. 0^. 93octacos-18-ene-2 ,3 , 10 . 16- 

5 ^^l a^r^one ■ 

A solution of 17-ethyl-20-dihydroxy-12-C2'- 
_(4,^(tert-butyldiinetliylBil03:y)-3"-methoxycyclohesyl)- 

1 . _inethylvinyl]-23 ,25-dimethoxy-13 . 19 . 21 .|7-tetra- 
^thyr-ll-28-dioxa^4-a^at-r4cyclo [-22 .3.. 1 . 0* • ^ joct acos- 

10 i8-ene-2.3,10.16-tetraone (30.5 mg) in methylene 
chloride (0,5 ml) was cooled to -78-C in a dry 
ice/isopropanol bath. To this stirred solution. 
---di-ethyl-aini-tiosulfur.-.trifluorid^^ was added. 

After 3 minutes, saturated sodium bicarbonate <500 

15 ,ti-) -was added followed by ethyl acetate C2 ml) and 
the mixture was warmed to room temperature. 
Extraction from ethyl acetate, drying over magnesium 
sulfate and purification by flash chromatography on 
silica gel (ethyl acetate: hexane (1:2) + 1% MeoH) 

20 gave the title compound (22 mg). 

(1h KMR consistent with the desired structure). 



25 



30 
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17"Ethyl-l,20-dihydroxy-12-[2'-(4"-(hydroxy-3"- 
methoxycyclohexyD-l • -methylvinyl]-23 , 25-diinethoxy- 
13 , 19 . 21 , 27-tetrainethyl-ll , 28-dioxa-4--a2atricyclo- 
r22 ■ 3 . 1 . 0^ * 9 TQctacog-18^ene-2 . 3 > 10 . 16-tetraQne 

5 To a solution of 17-ethyl-l,20-dihydroxy- 

12"[2 •-(4"-(tert-butyldimethylsiloacy)-3"-inethoxy- 
cyclohexyl )-l • -methylvinyl] 23 , 25-d imetho3cy-13 ,19,21,- 
27-tetramethyl-ll , 28-dioxa-4-azatr icyclo[22 . 3 . 1 . 0^ « ^ j_ 
oc t ac OS -^1 8^ene^27,:3 ;,10xl6-t:e,t r aone^-j 
acetonitrile (0.3 ml) was added a solution of 2% 
hydrogen fluoride in aqueous acetonitrile (100 p.1), 
.and the mixture stirred at room temperature. After 

28 h ours the solution was diluted with ethyl acetate. 

extracted with saturated sodium bicarbonate and the 

1^ organic phase dried by passage through a magnesium 
sulfate column.---Purification of— the concentrate by 
flash chromatography on silica gel (ethyl acetate: 
hexane (2:1) + 1% methanol) gave the title compound, 

20 



25 
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17_Ethyi-20-fluoro-l-hydroxy-12-C2'-<4«-(hydroxy-3"- 
methoxycyclohe^D-l • -methylvinyl J-23 . 25-dimethoxy- 
13 . 19 .21 . 27-tetramethyl-ll ,28-dioxa-4-azatr icyclo- 

5 To a solution of 17-etliyl-20-f luoro-1- 

hydro3iy-12-C2'-<4"-(tert-butyldiinethylsiloxy>-3"- 
metho^cycycloheaqrD-l • -i.iethylv£nyl]23 . 25-dimetho3qr- 

13. 19 .21.27-tetrainethyl-ll, 28-dioxa-4-azatricyclo- 

rzz . 3 ! 1. 0^.-9] gctacos"^^"®'*^"^ '^ . 10 .16-tetraone (7 mg) 

10 in acetonitrile (0.3 inl> was added a solution of 2% 
hydrogen fluoride in aqueous acetonitrile (100 ^1). 
and the mixture stirred at room temperature. After 2 

Kours-tl^e-solution was- diluted with. ethyl acetate. 

extracted with saturated sodium bicarbonate and the 

15 organic phase dried by passage through a magnesium 
sulfate column. Purification of the concentrate by 
flash Chromatography on silica gel (ethyl acetate: 
hexane (1:1) + 1% methanol) gave the title compound. 
MASS: (FAB) 816 (M+Na). 

partial NMR 5: 211.5 (C-16) ; 196.1 (2) 169.3 

(10); 165.0 (3); 138.1 (C-19); 135-8 (C-l-); 
121.0 (C-18« major); 84.1 (C-3"); 43.1 
(C-15); 26.0 (C-21). 



20 
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17-Ethyl-l . 14.20-trihydro3cy-12-[2 •-(4"-hydroxy-3"- 
methoxycyclohexyD-l • -methylvinyl]-23 . 25-dimethoxy- 
13, 19,21, 27-tetramethyl-ll,28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0* • 9]octacos-18-ene-2 ,3,10 , 16-tetraone 

5 AT.TKRNATE ROUTE _ '■ 

To a solution of 17-ethyl-l , 14-dihydxoxy-12- 
[2 • -(4"-hydroxy-3"-methoxycyclohexyl )-l ' -methylvinyl]- 
23 , 25-diiiiethoxy-13 ,19,21, 27-tetraBiethyl-ll . 28-dio3ca- 
■ -4---a2atr icyclo^r^^^^^^ . 3 . 10 . 16- 

10 tetraone (5.15 gm. 0.065mol) in glacial acetic acid 

(500 ml) at room temperature, was added a solution of 
selenium dioxide (9.27 gm, 0.083 mol) in H2O (90 

ml-)-. The reaction mixture was stirred at room 

temperature for 41 hours whereupon, it was poured 

15 "into a stirred "miacture of E2O (3 L) and celite. 
Af ter stirring f or T5 minutes , the mixture- was 
filtered thr"ough a pad of celite and extracted with 
diethyl ether (lx2L, 2X1L), The organic fractions 
were washed with saturated sodium bicarbonate and 

20 brine, dried over magnesium sulfate, filtrated and 
evaporated in 2£a£3ia. The product was purified by 
chromatography (silica, acetone :hexanes 2:5) to give 
the title compound MASS and NMR were consistent 
with the structure. 



30 
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17-Ethyl-l . 14-clihydroxy-12-[2 • -<4"-(2-f uranyl>metliozy- 
3 "-methoxycydohexyl >-l • -methylvinyl J-23 . 25-dimethoxy- 

5 13, 19,21. 27-tetrainethyl-I1.28-dioxa-4-azatricyclo- 

1-77 ■ !^ ■ 1 . 0^ ' 9ioc<:acr.s--i 8-enp -9 - . 1 0 . 1 6-tetraQne 

To a solution of 17-ethyl-1.14-dihydtoxy-12- 

(;2«-(4"-hydroxy-3"-methoacjrcyclohexyl)-l'-niethylvinyl3- 
23 . 25-dimetfibxy-I3Tl9r. 21 r27-tet ramethyl-ll . 28-dioaca-4- 

10 azatticyclo[22.3.L.04,9]octacos-18-ene-2,3»10.16- 
tetraone (63 mg in 1.0 ml methylene chloride) 
furfuryl trichloroacetimidate (39(11 neat> was added 

and-the-reagents-al-lowed -to-mix-f or-S minutes . 

Camphorsulfonic acid (3. 7mg) was added and the 

15 mixture stirred at room temperature. After 4.5 hours 
the reaction was q^uenched by the addition of 
saturated sodium bicarbonate and extracted with ethyl 
acetate (3 x 5 ml). The. combined organics were washed 
with brine and dried over magnesium sulfate. 

20 Purification of the concentrate by flash 

chromatography on silica gel (ethyl acetate : hexane 
(1:2) + 1% methanol) gave the title compound (20 mg). 
MAS: (FAB) 878 (M+Li). Partial NMR 8: 
7.38(brs. IH); 6.30(m, 3H) ; 5.32M. 5.19m(brd J = 

25 3Hz, IH); 4.83m. 4.21M(brs. IH); 4.62(dd J = 15Hz. 
2H); 4.41(brd J = 14Hz, IH). 
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KYAMPLES 2 and 3 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(2-furanyl)inethoxy- 
3"-hydroxycyclohexyl)-l '-methyl vinyl3-23 , 25-dimethoxy- 
13,19, 21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
[22 .3.1.0* » 9]octacoB-18-ene-2 ,3,10, 16-tetxaone and 
17-Ethyl-l,lA-dihydro3ryr-12-[2'-(4"-hydroxy-3"-(2- 
f uranyl)methoxycyclohexyl)-l •-inethylvinyl]-23 , 25- 
_dimethoxy-13_, 19 , 21 ,_27.-tetramethyl-^^^ . 28-di oxa-4-aza- 
tricvclor22 .3.1. 0* * octacQg-18-ene-2 . 3 . 10 , 16-tetraone 

To a solution of 17-ethyl-l,14-dihydroxy-12- 
[2 '-(3", 4"-dihyd2:oxycyclohexyl)-l • -methylvinyl3-23 , 25- 
dimethoxy-13 , 1 9,21, 27-t etramethyl-ll , 28-dioxa-4-a2a- 
tricyclot 22 . 3 . 1 . 04 , 9]octacos-18-ene-2 , 3 , 10 , 16-tetraone 
(52 mg in 0.9 ml methylene chloride) furfuryl 
trichloroacetimidate (20 ^il neat) was added and the 
reagents allowed to mix for 5 minutes . 
Camphorsulf onic acid (2mg) was added and the mixture 
stirred at room temperature. After 3.5 hours the 
reaction was quenched by the addition of saturated 
sodium bicarbonate and extracted with ethyl acetate 
(3x5 ml). The combined-oxganics _were washed with 
brine and dried over magnesium sulfate. Purification 

th^concentrate by flash chromatography on silica 
gel (ethyl acetate :hexane (1:1) + 1% methanol) gave 
the title compounds (16 mg 4" ether; 13 mg 3" ether). 

4" ether: MASS: (FAB) 864 (M+Li); Partial NMR 
5: 7.41(brs, IH) ; 6.30(m. 2H); 5.32M, 5.19m(brd J = 

3H2. IH); 4.87m, 4.19M(brs. IH); 4.41(brd J = 14Hz, 
IH). 



WO93/0505S 



PCr/US92/07508 



-158- 



3.« ether: MASS: (FAB) 864 (M+Li); Partial H 

NMR 5: 7.44CbrS. IH); 6.37(m. 2H) ; 5.32M. 

5.19m(brd J = 3Ez, IH) ; 4.88in. 4.27M(brs, IH) ; 
4.41(brd J = 14Hz, IH). 
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IT-Ethyl-l . 14-dihydroxy-12-[2 • -(4"-(2-thiophene)- 
nie^->'oxy-3"-inethbxycyclGhexy-l)-l-i-methylvinyl]-23 . 25- 
10 dimethoxy-13. 19.21. 27-tetrainethyl-ll,28-dioxa-4-aza- 
tr icydo [22 .3.1.0* . 9 joctaco8-18-ene-2 . 3 . 10 , 16- 



raone 



The~t-i^:le-coinpound was ..prepared essentially as 



described in Example 1 using 2-thiophenylmethyl 
15 trichlGroacetimidate as the alkylating agent. 
Partial NMR 5: 7.27(m. IH); 6.96(m. 2H); 
5.31M. 5.18m(brd J = 3Hz. IE): 4. Sim, 4.22MCbrs. 
IH); 4.41(brd J = 14Hz, IH) ; 3.07(d J = 4Hz. IH) . 

20 t;tampt.1SS 5 and 6 

17-Ethyl-l . 14-dihydroxy-12-C2 • _(4"-(2-thiophene)- 
methoxy-3"-hydro3Qrcyclohexyl)-l ' -inethylvinyl]-23 , 25- 
diinethoxy-13 . 19 , 21 ,27-tetrainethyl-ll , 28-dioxa-4-aza- 

25 tr icycloC22 .3.1.0*. 9]octacos-18-ene-2 ,3.10, 16-tet raone 
and 17-Ethyl-l, 14-dihydroxy-12-C2'-<4"-hydroxy-3"-(2- 
thiophene)inethoxycyclohexyl)-l ■ -methylvinyl J-23 . 25- 
dimethoxy-13,19. 21 .27-tetramethyl-ll , 28-di«»3ca-4-aza- 
^■n- ^y.-, ^ ^ 1-0 * . 9-|nr4-pr.og^1 R-ene-2 .3.10 . 1 6-tetraone 

30 The title compounds were prepared essentially 

as described in Examples 2 and 3 using. 
2-thiophenylmethyl trichloroacetimidate as the 
alkylating agent. 
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4" ether: MASS: (FAB) 896 (M+Na) ; Partial -^H 
NMR 6: 7.29(in. IH) ; 6.97(m, 2H) ; 5.31M. 5.19m<brd 
J = 3Hz, IH): 4.41(brd J = 14Hz, IH); 3.04<d J = 
4Hz, IH); 2.63M. 2,6lm(s, IH) ; 

3" ether: MASS: (FAB) 880 (M+Li); Partial NMR 6: 
7.28 (m. IH); 6.97 (m, 2H) ; 5.31 M, 5.19 m (brd J = 
3Hz/li)r4T41 (brd J = 14 Hz. IH) ; 3.08 (d J = 3 

f^FlS)-:- 2 . 69 ~(B,~1H)": ~ ~ 

p.yAMPlj;S 7 and 8 

17-Ethyl-l , 14-dihydroxy-12-E2•-(4"-(3-thiophene)- 
Inethoxy-3'•-hyd^oxycyclohesyl)-l•-lnethylvinylD-23,25- 
dimethoxy-13 , 19721 . 27-tetraiiiethyl-ll , 28-dioxa-4-aza- 
tr icyclo[22 . 3 . ItO* » 5] octacoB-18-ene-2 , 3 , 10 , 16-tetraone 
and 17-Ethyl-l,14-dihydroaEy-12-[2'-(4"-hydroxy-3"- 
(3-thiophene)methoxycyclohexyl)-l'-inethylvinyl]- 
23 , 25-dimethoxy-13 , 19 , 21 , 27-tetraniethyl-ll ,28-dioxa- 
4-azatricycloC22 .3.1. 0^' ^Joctacos- 

1 R-pne-2 ■ - 1 n ■ 1 fe-tetraone 

- -The title compounds- were -prepared essentially 
as described in Examples 2 and 3 using 3-thiophenyl- 
methyl trichloroacetimidate as the alkylating agent. 

4" ether: MASS: (FAB) 880 (M+Li); Partial ^H NMR 6: 
7.30 (m, IH); 7.04 (m. 2H) ; 5.31 M, 5.19 m (brd J = 
3Hz, IH); 4.89 m, 4.19 M (s, IH) ; 4.41 (brd J = 14 
Hz, IH); 3.04 (d J = 4Hz, IH) ; 

3" ether: MASS: (FAB) 880 (M+Li); Partial ^H NMR 5: 
7.28 (m, 2H); 7.05 (dd, J = 5, 2 Hz. IH) ; 5.31 M. 
5.19 m (brd J = 3 Hz, IH) ; 4.83 m, 4.25 M (brs , IH); 
4.41 (brd J = 14 Hz, IH) ; 3.06 (d J = 3 Hz. IH) ; 2.69 
(s, IH). 
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•F.YAMPLE 9 



l7-Ethyl-I,14-dihydroxy-12-C2'-C*"-(benzothien-2-yl)- 

oxy-3"-inetho3y cyclohexyD-l ' -methylvinyl]-23 , 25-d i- 
mettoxy-13 . 19 . 21 .27-tetrainethyl-ll . 28-dioxa-4-azatr X- 

To a stirred solution of tri(benzothien-r2- 
yDblsnmthine (lOOmg. , 0.164mmol . ) in CH^Clz (2 mL. ) 

was ^med-seT^ceti<^r a^i^-<i- 0-^^^^^ 

in acetic acid) followed in 10 minutes by 17-ethyl-l. 
14-dihydro^-12-C2 ' -C4"-hydroxy-3"-methoxycyclo-hexyl) 
-1 .-inethylvinyl3-23 . 25-dimetho^-13 . 19. 21,27-tetrameth 
yl-llT-28-dioxa-4-azatr icyclo|:22 . 3 . 1 . 0* • 9] octacos-18-en 
e-2.3.10,16-tetraone (lOOmg., 0.126 mrnol.) and 
_15_e^(0Ac)2 ClSmg.. 0.083 inmol.). The reaction mi^nre 
was stirred for 16 hours at room temperature. The 
reaction was then quenched with saturated aqueous 
NaHCOg and the mixture extracted 3X with CH2CI2. The 
extracts were combined, dried with Na2S04. filtered. 
20 and concentrated in_3ia£U£i; The product was isolated 
and purified by preparative TLC 3X on silica gel 
(3:1, hexane/acetone) -to give 23 mg of 
17-ethyl-ia4-dihydroxy-12-E2'-(4"-(benzothien- 

-2-yl->o:^-3"-methoxycyclohexjrl)-l ' -methylvinyl]-23 . 25- 
25 -dimethoxy-13 . 19 . 21 . 27.t etramethyl-11 . 28-dioxa-4-aza- 

tx icycloC22 . 3 . 1 . 0* • ^ ] octacos-18-ene-2 ,3,10, 16- 

tetxaone. 



30 
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EXAMPLE 10 

17-Ethyl-l,14-dihydroxy-12-[2'-(4*'-(thien-2-yl)oxy-3 
methoxycyclohexyD-l •-methylvinyl]-23 , 25-dimetho2y- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
r22 ■ 3 ■ 1 . 0^ » 9Toctacos-18-en e-2 , 3 , 10 , 16-tetraone 

To a stirred solution of tri(thien-2-yl)bis- 
muthine (SOmg., 0,175 mmol-) in CH2CI2 <2 mL.) was 
_added peracetic acid (0.060 mL. , 0.253 mmol., 32% in 
acetic acid) followed in 15 minutes by 17-ethyl- 
1 , 14-dihydroxy-12-[2 ' -(4"-hydroxy-3"-methoxycyclo- 
hexyl )-l • -methylvinyl]-23 , 25-dimeth03rjr-13 .19,21. 27- 
tetramethyl-11 , 28-dioxa-4-azatricyclo[22 .3.1.0^ »^]- 
octac^s-18-ene-2 ,3,10, 16-tetraone (100 mg., 0.126 
mmol.) and Cu(0Ag-)2 (10 mg., 0.055 mmol.). The 
reaction mixture was ^allowed to stir at room 
temperature for 3 days . The reaction was quenched 
with saturated aqueous NaHC03, and the mixture 
extracted with CH2C12- The extracts were combined, 
dried with Na2S04, filtered and concentrated in 
vacuo . The product was isolated and purified by 
preparative TLC 2X on silica gel (2:1, 
hexane/acetone) to give 36 mg of 17-ethyl-l , 14- 
dihydroxy-12-[2»-(4"-(thien-2-yl )oxy-3»'-methoxycyclo- 
he^l)-T'-methylvinyl]-23 , 25-dimethoxy-13 , 19 , 21 , 27- 
tet ramethyl-11 , 28-dioxa-r4-azatr icyclo[22 .3 . 1 . 0* » 
octacos-18-ene-2 ,3,10, 16-tetraone . 
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f-Y AMPLE 11 



17-Ethyl-1.14-dihydro^-12-[2'-<4'.-5-indolylamino- 
carbonylnietho3qr-3--methoxycyclohexyl)-l'-inethylvinyl]- 
23 . 25-diaethoxy-13 , 19 . 21 , 27-tetramethyl-ll . 28-dioxa-4- 
azat r icyclo [22 .3.1.0^' 9] octacos-18-ene-2 .3,10.16- 

tP-traone : : 



fi'fEP llA 



17-Ethyl-l-hydroxy-14-(text-butyldiinethylsiloxy)-12- 
[2 • _(4--<tert-i)utyldimetliylsiloxy)-3"-nietlio3cycyclo- 
-Eexyl )^l-'-niethylviny-l-] -23 , 25-dimethoxy-13 . 19 . 21 . 27- 
tetramethyl-ll. 28-dioxa-4-azatxxcycloC22. 3. 1.0 . 3- 

15 »o.K«rns-18 -'>"o-7 ^.IQ 1 fi-tRtxaOP^ 



J j» — ■ ' 

TO a solution of 17-ethyl-l, 14-dihydroxy- 
12-£2 •-(4"-hydroxy-3"-methoatycyclohexyl)-l ♦-methyl- 
vinyl]-23 . 25-dimetho2y-13 . 19 . 21 , 27-tetramethyl-ll, 28- 
dioxa-azatr icyclo [22 . 3 . 1 . 04 . 9 ] octacos-18-ene-2 ,3.10.- 
20 16-tetraone (2.0 g) in dry methylene chloride <25 ml) 
was added an excess of .2,6-lutidine (1.2 ml) and the 
mixture was stirred at room temperature. After 10 
minutes, tert-hutyldimethylsilyl 
txi-f luoxomethanesulfonate- <1.8 ml) was added via 
25 -syringe. After 1 hour-tbe reaction mixture was 
diluted with ethyl acetate, washed with IN HCl. 
water, saturated sodium. hi carbonate and brine. The 
organic phase -was dried over magnesium sulf ate. 
Removal of the solvent in vacuo and flash 
30 chromatography on silica gel (ethyl acetate: hexane 
(1:6) + 17. methanol) gave the title compound (2.37 
g). 1h NMR consistent with the desired structure. 
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STEP IIB 

17-Ethyl-l-hydroxy-14-(tert-butyldimethylsiloxir)-12- 

[ 2 • - ( 4 "-hyd r oxy-3 • '-met hoxy cy c lohexyl ) -1 ' -me thyl vinyl 3 - 

5 23 , 25-dimethoxy-13 . 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4- 

azatri cyclo[22 . 3 . 1 . 0* • 9] octacoB-18-ene-2 ,3.10, 16- 

1-Ptraone ^ 

^ on~6f " 17-e thyl-l-hydroxy-14- ( t e rt- 

~b^[tyrdimetwrs^ 

^° B il03Qr)-3"-methoxycyclohezyl )-l • -methylvinyl]-23 , 25- 
dimetho3cy-13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4-a2a- 
tr icyclo[22. 3 . 1 . 04 , 9Doctacos-18-ene-2 ,3,10, 16-tetraone 
(2.37 g) (STEP llA) in dry methylene chloride (25 ml) 
was added a solution of 10% p-toluenesulf onic acid in 

15 methanol (25 ml), and the mixture was stirred at room 
- temperature— -After 10-minutes, the mixture was 
cooled to 0"C and quenched with saturated sodium 
bicarbonate. The mixture was diluted with ethyl 
acetate and the layers were separated. The organic 

2° layer was washed with saturated sodium bicarbonate 
and brine and dried over magnesium sulfate. 
Purification of the concentrate by flash 
chromatography on silica gel (ethyl acetate: hexane 
(1:2) + 17. methanol) gave the title, compound (2-1 

25 g). NMR consistent with the desired structure. 



STEP lie 

17-Ethyl-l-hydroxy-14-(tert-butyldimethylsiloxy)-12- 
30 [2 '-(A^'-allyloxy-S'^-methoxycyclohexyD-l' -methyl- 
vinyl] -23 , 25-dimethoxy-13 , 19 . 21 , 27-tetramethyl-ll , 28- 
dioxa-4-azatricyclo[22 . 3 - 1 . 0*' ^3octacos-18-ene-2, 3 , - 
inlfe-tetraone _ 
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TO a solution of 17-ethyl-l-hydxoxy-14-(tert- 
bvityldimethylsiI03cy>-12-[2'-(4"-hydroxy-3"-inethoxy- 
cyclohezyl >-l • -methylvinyl] -23 . 25-dimethoxy-13 . 19 . 21 . - 
27-tet ramethyl-ll . 28-dioxa-4-azatr icyclo [22 .3.1.04, 9]- 

5 octaco8-18-ene-2.3.1G.l6-tetxaone (2.1 g) (STEP IIB) 
in 24 ml 33% methylene chloride in cyclohexane. was 
added allyl trichloroacetimidate (938 mg neat) and 
the reaction mixture was allowed to mix fox 5 ^ 
.-ir^Tijiz n%i,-.Pi^?o"*^<-hanesuifonic acid (41 jil neat) 

10 was added slowly via syringe and the mixture stirred 
at room temperature. After 24 hours, the reaction 
mixture was diluted with ethyl acetate and washed 
- with- saturated sodium bicarbonate, water and brme. 
The organic layer _was_dri_ed over magnesium sulfate. 

15 Purification of the concentrate by flash 

c'^omatography on siTica gel (ethyl acetate: hexane 
(1:5)) + 1% methanol) gave the title compound (1.03 
g). 1h UMR consistent with the desired structure. 

20 c^ 'jTEP IIP 

"l7-Ethyl-l-hydro3y-14-(t-ert-butyldimethylsiloxy)-12- 
[2 ■ -(4"-( 2 . 3-dioxy-l-pr opoxy )-3 "-methoxycyclohexyl )- 
1 . -methylvinyl] -23 . 25-dimethoxy-13 . 19 , 21 , 27-tet ra- 
25 methyl-11. 28-dioxa-4-azatricyclo[22 .3.1. 0^» ^Joctacos- 

1 R_PTiP-2 .? ,ff},l ft-<-pt raone 

To a solution of 17-ethyl-l-hydroxy-i4-(tert- 
butyldimethylsiloxyr)-12-C2'-(4"-allyloxy-3"-methoxy- 

cyclohexyl>-l • -methylvinyll-23 . 25-dimethoxy-13 , 19 .21 . - 
30 27-tetramethyl-ll .28-dioxa-4-azatricyclo[22 . 3 . 1 . 04 ,93- 
octacos-18-ene-2,3.10,16-tetraone (STEP IIC) (1.03 g) 
in 22 ml tetrahy<irof uran was added N-methylmorpholine 
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N-oxide (883 mg) followed by 0,25M osmium tetraoxide 
solution in THF (871 ^il), and the mixture was stirred 
at room temperature. After 3 hours, the reaction was 
quenched by the addition of 20% sodium bisulfite (20 
ml), and the precipitate was filtered through Celite 
and rinsed with ethyl acetate. The combined filtrate 
was washed with 20% sodium bisulfite (2x), saturated 
sodium bicarbonate and brine and dried over magnesium 
sulfate. The concentrate was purified by flash 
chromatography on silica gel (ethyl acetate :hexane 
(2:1) + 1% methanol) to give the title compound (705 
mg). IH NMR consistent with the desired structure, 

STEP HE 

17-Ethyl-l-hydroxy-14-(tert-butyldimethylsiloxy)-12- 
[2 " -(4"-ethanaloxy-3"-methoxycyclohexyl)-l ' -methyl- 
vinyl] -23 , 25-dimethoxy-13 , 19 , 21 . 27-tetramethyl-ll , 28- 
dioxa-4-azatricycloC22.3 . 1.0^»^]octacos-18-ene-2,3 

10 , 16-tetraone 

To a solution of 17-ethyl-l-hydroxy-14-(tert- 
butyldimethylsiloxy)-12-[2"-(4"-(2,3-dioxy-l-propoxy)- 
3"-methoxycyclohexyl)-l •-methylvinyl]-23 ,25-dimethoxy- 
13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa-4-azatricyclo [22 . 3 
. 1.04, 9]octacos-18-ene-2, 3, 10, 16-tetraone (1.56 g) 
(STEP IID) in 20% aqueous tetrahydrof uran (20 ml) was 
added sodium metaperiodate (510 mg) and the mixture 
stirred vigorously fox 30 minutes. At this time an 
additional 170 mg of sodium metaperiodate were 
added. After 30 minutes the mixture was diluted with 
ethyl acetate, filtered through Celite and the 
residue rinsed with ethyl acetate. The organic 
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portion was washed with saturated sodium bicarbonate 
and brine, dried over magnesium sulfate and purified 
by flash chromatography on silica gel (ethyl 
acetate :hexane (1:2) + 1% methanol) to give the title 
compound (1.45 g). NMR consistent with the 
desired structure. 



<;tep IIF 



10 i7_Ethyl-l-hydroxy-14-(tert-butyldimethylsiloxy)-12- 
[2 • -(4"-carboxymethoxy-3"-methoxycyclohexyl)-l ' - 
,aethyivinyl] -23 . 25-dimetho^-13 . 19 . 21 . 27-tet ramethyl- 
. . „3__j_^8^dios:a-4-azat-r-iGyclo [-22 .3 .1 .0^ octacos-18-ene- 



9, ^ in.l fi--»-pt:raone 



15 .„.To a solution of 17-ethyl-l-hydro3cy-14-(te^t- 

butyldimethyls il03=y)-12-C2 • -(4"-ethanalqxy-3"-methoxy- 
cyclohexyD-l ' -methylvinyl J-23 . 25-dimeth03rsr-13 , 19 . 21 , - 
27-tetramethyl-ll . 28-dioxa-4-azatricycloC22 .3.1. 04. 9> 
octacos-18-ene-2..3.10.16-tetraone (311 mg) (STEP HE) 
20 in tert-butanol (6.6 ml) and 2-methyl-2-butene (1.65 
ml) was added sodium chlorite <273 mg) and sodium 
dihydrogen phosphate (272 mg> in water-(2.7 ml) 
slowly. After 2 hours, the solvent was removed in 
vacuoY=and-the resulting-residue was dissolved in 
25 water and acidif ied to pH 3 with IN HCl. The aqueous 
- -poEtion was extracted with ethyl acetate (3 x 10 ml) 
and the combined organic portion was washed with 
brine. This was dried over magenesium sulfate and 
purified by flash chromatography on silica gel (2% 
30 methanol in methylene chloride followed by 

methanol in methylene chloride +0.5% acetic acid) to 
give the title compound (255 mg). NMR consistent 
with the desired structure. 
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STEP IIG 

17-Ethyl-l-hydroxy-14-(tert-butyldimethylsiloxy>-12- 
[2 •-(4"-5-indolylamino-carbonylmethoxy-3"-methosy- 
cyclohexyD-l • -methyl vinyl]-23 , 25-diiiiethoxy-13 , 19 . 21 , - 
27-tetramethyl-ll . 28-dioxa-4-azatricyclo[22 . 3 . 1 . 0^ » 9]- 

nr^-«roR-l8- pnp-7- -3.10 . 16-tetraone 

To a solution of 17-ethyl-l-hydrosy-14-<tert- 

"buty Id imet-hyi E tib^ )-l"2- [ 2 1-( 4"it-car.boxyinethoxy-3 "- 
methoxycyclohexyl )-l • -inethylvinyl]-23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-azat ricyclo- 
[22 . 3 . 1 . 04 , 9]octacos-18-ene-2 ,3,10, 16-tetraone ( 150 
mg) (STEP IIF) in methylene chloride (1.6 ml) was 
added benzotriazol-l-yl03cy-tris(dimethylamino)- 
phosphonium hexaf luorophosphate (103 mg) followed by 
triethylamine (43 >il) . After 10 minutes , 
5-aminoindole (43 mg) was added to the reaction 
mixture and stirred for 1 hour. The mixture was 
diluted with ethyl acetate and washed with IN HCl, 
water, saturated sodium bicarbonate and brine, 
respectively. The organic portion was dried over 

"magnesium sulfate and purified by flash 
chromatography oh silica gel (ethyl acetate ihexane 
(1:2) + 17. methanol) to give the title compound (138 
mg). ^B. NMR consistent with the desired structure. 

STCT ilE 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-5-indolylamino- 
carbonylmethoxy-3"-methoxycyclohexyl)-l'-methylvinyl]- 
23 .25-dimethoxy-13, 19 , 21 , 27-tetramethyl-ll . 28-dio3ca-4- 
azatricyclo[22 .3.1.0^' 9]octacos-18-ene-2 , 3, 10 , 16- 

tetraone '. 
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To a solution of 17-ethyl-l-liydroxy-14-(tert- 
butyldiinethylsiloxy)-12-E2--(4"-5-indolylaininocarbonyl 
methoxy-3"-methosycyclohexyl)-l • -inethylvinyl3-23 . 25-di 
niethoxy-13 . 19 .21 .27-tetramethyl-ll .28-dio±a-4-azatricy 

5 clo [22 . 3 . 1 . 04 . 9 ] oct acos-18-ene-2 .3.10 , 16-tet r aone 
(138 mg in 1 ml tetrahydrofuran contained in a 
polypropylene vial) was added 200 »tl of a solution of 
hydrogen f luoride-pyridine complex (40% in (2:1) 
tetrahydrofuran:pyridine), and the mixture was 

10 stirred at room temperature. After 2 days. - the 
reaction was quenched by the careful addition of 
saturated sodium bicarbonate and extracted with ethyl 

^acetate. The-combined organic portion was washed 

with brine, dried over magnesium sulfate, concentrated 

15 in vacuo and purified by flash chromatography (ethyl 
acetate :hexane (1:1) + IX methanol) to give the title 
compound. MASS (FAB) 971 (M+Li); partial NMR 
5: 9.52 (brs. IH) ; 8.15 (brs. IH) ; 7.91 (s. IH) ; 7.30 
(s. 2H); 7.16 (dd. J=3.3Hz. IH) ; 6.49 (dd. J=.35z. 

20 iH); 4.41 (brd. J=14Hz. IH) • 

17-Ethyi-l-hyd-rGxy-12-C21--(-4''-(methyl-N-tryptophanyl- 
25 carbonylmethoxy)-3"-methoxycyclohexyl)-l'-methyl- 
- -vinyl] -23 . 25-dimethoxy-13 .19.21. 27-t et ramethyl-11 , 28- 
dioxa-4-azatricyclo[22 .3.1. 0^ - 9]octacos-18-ene-2 .3.- 
in, lf;-<-Pi-raone . ■ 



30 STFP 12A « 

17-Ethyl-l-hydroxy-12-C2'-(4"-allyloxy-3"-methoxy- 

cyclohexyl)-l • -methylvinyl]-23 . 25-dimethoxy-13 . 19 .- 
21. 27-tet ramethyl-11 . 28-dioxa-4-azatr icycloC22 .3 .1 .- 
^4.9-|»^t ?^^'''-''8-e^e-? , ? . ""^ 1 ft-tetraone 
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To, a solution of 17-ethyl-l-hydroxy-12-[2 ' -(4"- 
hydroxy-3"-methoxycyclohexyl)-l ' -methylvinyl]-23 » 25- 
dimethoxy-13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 , 3 , 1 . 04 , 9]octacos-18-ene-2 , 3 . 10 , 16-tetra- 
one (510 mg> in 6.6 ml 33% methylene chloride in 
cyclohexane, vas added allyl trichloroacetimidate 
(266 mg neat) and the reaction mixture was allowed to 
mix for 5 minutes. Trif luoromethanesulf onic acid (12 
_p,l_neat) was Ladded^s lowly via sy r in ge and the mixture 
stirred at room temperature. After 24 hours the 
reaction mixture was diluted with ethyl acetate and 
washed with isaturated sodium carbonate, water and 
bri ne. The organ ic layer was dried over magnesium 
sulfate. Purification of the concentrate by flash 
chromatography on silica gel (ethyl acetate: hexane 
(1:9)) + 1% methanol) gave -the title compound (434 
mg). NMR consistent with the desired structure. 

STEP 12B 

17-Ethyl-l-hydroxy-12-C2'-(4"-(2,3-dioxy-l-propoxy)- 
3"-methoxycyclohexyl )-l • -methylvinyl]-23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll . 28-dioxa-4-a2atr icyclp- 
r 22 ■ 3 . 1 .jD^ * 9t octacos-18-en e-2 . 3 ■ 10 , 1 6-tet raone 

To^ a solution of 17-ethyl"l-hydroxy-12-[2 '-(4"- 
allyloxy-3"-methoxycyclohexyl)-l '-methylvinyl]-23 ,25- 
dimethoxy-13 . 19 ,21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 . 3 • 1 . 04 , 93octacos-18-ene-2 ,3.10. 16-tetraone 
(434 mg)(STEP 12A) in 15 ml tetrahydrofuran, was 
added N-methylmorpholine N-oxide (431 mg) followed by 
0.25M osmium tetraoxide soliition in THF (425 p-l), and 
the mixture was stirred at room temperature. After 
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4.5 hours, the reaction was quenched by the addition 
of 207. sodium bisulfite, and the precipitate was 
filtered through Celite and rinsed with ethyl 
acetate. The combined filtrate was washed with 20% 

5 sodium bisulfite (2x), saturated sodium bicarbonate 
and brine and dried over magnesium sulfate. The 
co ncentrate was purified by flash chromatography on 
silica gel (ethyl acetate :hexane (3:1) + 17. methanol) 
to give the title-compound-(177-mg) — NMR 

^0 consistent with the desired structure. 

5;tep 12C 



17-Ethyl-l-hydroxy-12-C2 • -(4"-ethanaloxy-3"-metho2y- 

15 cyclohesyD-l • -methylvinyl]-23 , 25-dimetho3£y-13 , 19 , - 
21 , Z7-tetramethyl-ll , 28-dioxa-4-azatr icyclo C22 .3.1.- 
n4. 9ioctarna-i8-ei i«=-9-. 3 - 10 ■ 16-tetraone 

To a solution of 17-ethyl-l-hydro3ty-rl2-C2»-(4"- 
(2,3-dioxy-l-proposy)-3"-methoxycyclohe2yl)^l'-methyl- 

20 vinyl] -23 . 25-dimethoxy-13 ,19,21 , 27-tetramethyl-ll , 28- 
dioxa-4-azatricycloC22. 3 . 1. 04, 9 Joctacos-18-ene-2,3 ,- 
10,16-tetraone (177 mgXSTEP 12B> in 207. aqueous 
tetrahydrofuran (2 ml) was added sodium metaperiodate 
-(6:7-mg->-and^the_mixtur.e stirred vigorously fox 30 

25 minutes At this time an additional 20 mg of sodium 

. metaperiodate_were added. After 30 minutes the 
mixture was diluted with ethyl acetate, filtered 
through Celite- and the residue rinsed with ethyl 
acetate. The organic portion was washed with 

30 saturated sodium bicarbonate and brine, dried over 
magnesium sulfate and purified by flash 
chromatography on- silica gel (ethyl acetate : hexane 
(2r3) + 1% methanol) to give the title compound (157 
mg). NMR consistent with the desired structure. 
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17-Ethyl-l-hydroxy-12^[2'-(4"-carboxyiDethoxy-3"- 
methoxycyclohexyl)-! •-methylvinyl3-23 ,25-diinethoxy- 
13.19,21. 27-tetramethyl-ll . 28-dioxa-4-a2atr icyclo- 
r22 . 3 . 1 .0^* 9ioctacos-l ft-PTiP-2 . ^ - 10 . 16-1:etraone 

To a solxition of 17-ethyl-l-hydroxy-12-[2»- 
(4''-ethanaloxy-3"-me^h6xj^cldliexyI)-l*-methy 
- - :23 .~25=dline.thb"xy-13 ,19721 r27-tetramethyMi 28^dioxa-4 
a2atricyclo[22 . 3 . 1 . 04 . 9]octacos-18-ene-2 , 3 . 10 . 16- 
tetraone (157 mg) (STEP 12C) in t€rt-butanol (4 ml) 
and 2-methyl-2-butene (1 ml) was added sodium 
chlorite (159 mg) and sodiiam dihydrogen phosphate 
(159 mg) in water (1.6 ml) slowly. After 1 hour, the 
solvent was removed in vacuo, and the resulting 
residue was -dissolved in water and acidified to pH 3 
with IN ECl. The aqueous portion was with ethyl 
acetate (3 x 10 ml), and the combined organic portion 
was washed with brine. It was dried over magenesium 
sulfate and purified by flash chromatography on 
silica gel (2% methanol in methylene chloride 
f ollowed by -2"% methanol in methylene chloride + 0.5% 
acetic acid) to give the title compound (114 mg). 
NMR consistent with the desired structure. 

STEP 12E - 

17-Ethyl-l-hydroxy-12-[2 • -(4"-methoxy-N-tryptophanyl- 
carbonylmethoxy-3"-methoxycyclohexyl)-l/' -methylvinyl]- 
23 . 25-dimethoxy-13 .19,21. 27-tetramethyl-ll . 28-dioxa-4- 
a2atricyclo[22 •3.1,0^ » 9]octaGos-I8-ene-2 ,3,10. 16- 
tetraone 
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To a solution of 17-ethyl-l-hydroxy-12-C2 •-(4"- 
carb03r>nnethoxy-3 "-metho^cyclohexyl )-l • -methylvinyll- 
23 . 25-dimethozy-13 , 19 . 21 . 27-tetramethyi-ll , 28-dioxa-4. 
azatr icyclo[22 .3.1.04 , 9 Joctacos-18-ene-2. 3 , 10.16- 

5 tetraone (39 mg)(STEP 12D) in methylene chloride (0.5 
ml) was added benzotriazol-l-yloxy-tris(dimethyl- 
aiDino)phosphonitiiDi hexaf luorophospbate C31 mg) 
followed by triethylamine (14 jil). After 10 minutes, 
—tryptophan methyl-ester- hydrochloride (-24 mg) was 

10 added to the reaction mixture and stirred for 1 

hour. The mixture was diluted with ethyl acetate and 
washed with IN HCl, water, saturated sodium 
bicarbonate and brine, respectively. The organic 
portion was dried over magnesium sulfate and purified 

15 by flash chromatography on silica gel (ethyl 

acetate rhexane (1:1) + 1% -methanol) to- give the title 
compound (28 mg) . MASS (FAB> 1041 (M + Li); Partial 
1HHMR5: 8.21 (brs. IH); 8.04 (brd. J=8Hz, IH) : 7.56 
(d, J=8Hz. IH); 7.33 (d, J=8Hz, IH); 7.11(m, 3H); 

20 4.41 (brd, J=14Hz, IH) ; 3.64 (s, 3H) . 

- - - y.YAWPLE 13 

-17-Ethyl=l-hy.dr.oxy-12-C2'-(4"-3-indolylethylamino- 
25 ..car bony lmethoxy-3'.!=methoxy cyclohexyi ) -1 '-methylvinyl] - 
.23 :..25-dimethoxy-13 . 19 . 21 , 27-tetramethyl-ll . 28-dioxa-4- 
azatricycloC22 .3 . 1 • 0^' 5:octacos-18-ene-2, 3 . 10. 16- 



tPirraone 



TO a solution of 17-ethyl-l-hydroxy-12^C2 '-(4"- 
30 carboxymethyloxy-3"-methoxycyclohexyl)-l ' -methyl- 

vinyl 3-23 . 25-dimethoxy-13 . 19 , 21 , 27-tetramethyl-ll , 28- 
dioxa-4-azatr icyclo [22 .3.1.04.9 ]octacos-18-ene-2 . 3 
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10,16-tetraone (13 mg) (STEP 12D) in methylene 
chloride (150 jil) was added benzotriazol-l-yloxy-tris- 
(diinethylamino)phosphoniuin hexaf Inorophosphate (10.3 
mg) followed by triethylamine (4.3 jil). After 10 
5 minutes, tryptamine (5 mg) was added to the reaction 
mixture and stirred for 1 hour. The mixture was 
diluted with ethyl acetate and washed with IN HCl, 
water, saturated sodium bicarbonate and brine, 
- - rr-espeGt-i-vely-.- The-organrc ipont ion-was dried- over- 
do magnesium sulfate and purified by flash 

chromatography on silica gel (ethyl acetate rhexane 
(1:1) + 1% methanol) to give the title compound (7.5 
. -_mg).. MASS (FAB) 983 (M + Li); partial WMR 6: 
8.32 (brs, IH); 7.89 (m, IH) : 7.58 (d, J=8Hz IH) ; 
15 7.31 (m. IH); 7.10 (m, 3H) ; 4.51 (brd. J=3H2, IH) ; 
- 4 ; 41- (brd, J=14Hz, IH) . 

KYAMPLE 14 

20 i7-Ethyl-l,14-dihydroxy-12-[2^-(4"-<l-N-methyl-5- 

indolyl)o3cy-3"-methoxycyclohe3«yl)-l •-methylvinyl]-23 , 
25^diinethoxy-13 , 19 , 21 , 27-tet ramethyl-11 . 28-dioxa-4- 
azatr icyclo [22 .3.1.0^ » 9] octacos-18-ene-2 .3,10,16- 
tPtraone 

25 

STEP 14A 

;i -MPthvl- S-hromoindole 

A mixture of sodium hydroxide (0.4g.,10 mmol.) 
30 in DMSO (20 mL. ) was heated to 80-85' C for 6 hours 
to dissolve most of the solids then allowed to cool 
to room temperature. To the stirred mixture was 
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10 



added S-bromoindole ( 2-0 g.. 10 mmol.) followed in 1 
hour by methyliodide ( 0.62 mL.. 10 mmol.)- After 
stirring for an additional 3 hour& the reaction was 
shown by TLC analysis to be complete. The reaction 
mixture was diluted with water then extracted with 
ether. The extracts were washed 2x with water, dried 
with Na2S04. and concentrated in vaCttO to give 2.08 
g. of l-methyl-5-bromoindole as a yellow oil which 
crys tallized on-standing— 

?;tep 14B' 



T^-i-r-l-met >i y1 -i ol -'i-vl ^bi smuthine 

To a solution of l-methyl-5-bromoindole 
15 (5. Og., 23. 8 mmol.) in ether (100 mL.) at -780C was 
added a 1.7M solution of t-butyllithium in pentane 
(28mL. 47.6 mmol.>. The mixture was stirred at -78«>C 
for 1 hour. To this mixture was then added a solution 
of bismuth trichloride (2.36g. . 7.5 mmol.) in THF (25 
20 niL.) via syringe. The cooling bath was maintained for 
2 hours then allowed to warm to room temperature 
overnight. In the morning the mixture was quenched 
with ice water and the product extracted 2X with 
— toluene. -The-extracts were combined, washed with 
25 -water-,- dried with Na2S04, and concentrated in vacvQ 
-to a volume of about 30mL. . After chilling in the 
refrigerator for several hours the solid product was 
filtered, washed with cold toluene and vacuum dried 
to give tri(l-methyl-indol-5-yl)bismuthine C1.7g.) as 
30 a mustard color solid. 
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STEP 14C 

17-Ethyl-1.14-dihydroxy-12-C2'-(4"-(l-N-methyl-5- 
indolyl)o3Ey-3"-methoxycyclohe3cyl)-l ' -methylvinyl]-23 , 

5 25-dimethoxy-13, 19.21, 27-tetraiDethyl-il,28-dioxa-4- 
azatr icyclo[22 .3.1.0^' 9]octacos-18-ene-2 ,3,10, 16- 

tetraone . . . 

To a stirred solution of triCl-methylindol- 

5:=yl ).bi smuthine_X 450_ mg^ * _:0 .:7 5-nimol— ) (-STEP 14B > in 

CH2CI2 (10 mL.) was added peracetic acid (0.158 
inL.,0.75 mmol. 32% in acetic acid) followed in 15 
minutes by 17-ethyl-l,14-dihydroxy-12-[2«-(4"-hydroxy- 

3" -inetho xycyclohe3yl )-!' -methyl vinyl]-23 ,25-dimethoxy- 

13.19.21, 27-tetramethyl-ll , 28-dioxa-4-azat r icyclo- 

^5 [22.3.1.0^»^]octacos-18-ene-2,3,10,16-tetraone (350 
mg.. 0.442 mmol.) and Cu(0Ac)2. The mixture was 
stirred at room temperature for 2 days. The reaction 
was quenched with saturated aqueous NaHC03 and the 
product extracted 3X with CH2CI2. The extracts were 

20 combined, dried over anhydrous Na2S04, filtered, and 
concentrated in vacuo . The product was isolated and 
—purif ied-2X by preparative TLC to give 203 mg. of the 
title compound as a colorless solid. MASS (FAB), 
m Li 92 7. Partial NMR (CDCI3, 200 MHz) 8:7.19 

25 (bs, IH): 7.17 (d, J=10Hz, IE); 6.98 (d, J=4Hz, IH); 
6.91 (dd, J=3 Hz and lOHz, IH); 6.34 <d, J=4Hz, IH) ; 
3.72 (s, 3H); 3.51 (s, 3H) . 
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Tr.YAMPLE 15 

17-Ethyl-l . 14 , 20-trihydroxy-12- [2 • -<4"-Cl-N-methyl- 
indol-5-yl )oxy-3 "-methoxycyclohexyl >-l • -methylvinyl] - 
5 23 . 25-dimethoxy-13 . 19 . 21 . 27-tetrainethyl-ll , 28-dioxa-4. 
azatricycloC22 .3.1. O^. 9]octacos-18-ene-2 , 3 . 10 , 16- 

^-Pt^aone ■■ 

TO a stirred solution of trid-methylindol- 
5^yl->bismuthine-<-350 mg., 0.584 mmol.) in CHzClz C6 
10 mL.) was added peracetic acid (0.15 mL. , 0.74 

mmol., 32% in acetic acid) followed in 15 minutes by 
17-ethyl-l , 14, 20-tr ihydroxy-12-I2 • -<4"-hydroxy-3"- 

^niet-hQxycyclohexyl-)-lI^methylvi.nyl3-23 , 25-dimethoxy- 

13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa-4-azatri cyclo- 
id [22 . 3 . 1 . 0* • 5 3 octacos-18-ene-2 ,3 . 10 , 16-tetr aone (250 
mg . . 0.32 mmol . )' and Cu(OAc ) 2 ~<35 mg . . 0 . 138 mmol . ) . 
The reaction mixture was stirred for 2 days at room 
temperature. The reaction was quenched with 
saturated aqueous NaHCOs and the mixture extracted 2X 
2° with CH2CI2. The extracts were combined, dried with 
Na2S04, filtered and concentrated an vacuo • The 
product was-isolated -by- f lash- column chromatography 
on silica gel (3:1 hexane/ acetone) followed by 
— preparative -TLC_(3%_CH30H. in CH2CI2) to give 111 mg 
_25 _of -the-title-compound. MASS (FAB), M + Li 943. 

Partial NMR (CDCI3, 200 MHz) S:7.21 (bs, IH); 7.18 
(d. J=7.5Hz, IH): 6.98 (d, J=3Hz. IH) ; 6.94-(dd. J= 
2.5Hz and 7.5Ez. IH); 6.37 (d. J=3Hz, IH) ; 3 .75 (s. 
3H): 3.59 (s, 3H). 
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17-Ethyl-l-hydroxy-12-C2'-(4"-<l-N-methyliiidol-5-yl) 
oxy-3"-methoxycyclohexyl)-l '-methyl vinyl]-23 ,25-diine- 

5 thoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4-azatr i- 
ryrl o r22 . 3 . 1 , 0^ . 9iocta rnH-l 8-enf>-2 ■ 3 . 10. 16-tetrgQi^e 
To a stirred solution of tri<l-inethylindol-5- 
yDbismuthine (35 mg. , 0.058 mmbl. ) in CH2CI2 (0.7 mL) 
waF-aFdeS- piracetic* acid (OV^^^^ 0: 074" mmol . , 32% 

10 in acetic acid) followed in 15 minutes by 

17-ethyl-l-hydrcxy-12-[2V-(4"-hydroxy-3"-methoxycyclo- 

hexyD-l • -methylvinyl]-23 , 2 5- dime thoxy-13 , 19 , 21 , 27- 
.tetramethyl-ll,28-dioxa-4-a2atricyclo[22. 3.1.0^ • ^D- 
octacos-18-ene-2,3,10,16-tetraone (25mg., 0.032 

15 mmol.) and Cu(0Ac)2 ( 5 mg., 0.03nimol.). The reaction 
mixture was stirred for 3 days- at room temperature. 
The reaction was quenched with saturated aqueous 
NaHC03 and extracted 2X. with CH2C12- The extracts 
were combined, dried with Na2S04, filtered and 

20 concentrated in vacuo . The product was isolated and 
purified by preparative TLC on silica gel (2:1 
hexane/acetone then 5% CHsOH-in CH2CI2) to give 10,2 
mg of the title compound. Partial NMR (CDCI3. 200 
MHz) 6 :7.18 (bs, IH); 7.16 (d, J=7.5Hz, IH); 6.98 

25 (d, J=3H2, IH); 6.92 (dd, J=2.5Hz and 7.5Hz, IH); 
6.33 (d, J=3Hz, IH); 3.64 (s, 3H) ; 3.51 (s, 3H) . 
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T:^T fMPLeS 1 7 AND 18 

17-Ethyl-l . 14-dihydr65y-12-[2 ' -(3"-hydr03qr-4"-(l-N- 
methylindol-5-yl)oxycyclohexyl )-l • -methylvinyl3-23 .25- 
5 dimeth03cy-13 . 19 . 21, 27-tetrainethyl-ll . 28-dioxa-4-aza- 
tricyclot22.3.1.0*.9]octacoE-18-ene-2.3.10,16-tetra- 
one and 17-Ethyl-1.14-dihydro=cy-12-C2'-C4"-hydro^-3"- 
(l-N-inethylindol-5-yl)oxycyclohexyl)-l'-inethylvinyl3- 
_ __23-25-dimetho^-13.-19,21.27-tettainet^^^ 
10 azatr icycloC22 .3.1.0*. 9 ]_octacos-18-ene-2 . 3 . 10 , 16- 

tetraPT^g- . 

TO a stirred solution of tri(l-inethylindol-5- 

.y4.)bismuthine_(150jng^0.25 mmol.) in CH2CI2 <2 

was added peracetic acid (0.05 mL.. 0.23 mmol., 32% in 

15 acetic acid) followed in 10 minutes by 

17-etlxyl-l . 14-dihydroiy-12^[2 • -C3". 4".-diliydroxycyclohe 
3qrl)-i • -inethylvinyl3-23 , 25-diinethosy-13 . 19 . 21. 27-tetra 

methyl-11 , 28-dioxa-4-azatricyclo [22 .3.1.0* * 9] oct acoff-1 
8-ene-2,3.10,16-tetraone (100 mg. 0.129 mmol) and 

20 Cu(0Ac)2 (20 mg.,0.11 nunolO- The reaction mixture 
was stirred for 2 days at room temperature. The 
reaction was tuenched-vi-th- saturated .aqueous NaHCOg 
and the mixture extracted 2X with CH2CI2. The 
—.extracts- were, comb i:ned, dried with Na2S04, filtered 

25 -and- concentrated in vac^O^ The products were 

separated and purif ied 2X by preparative TLC (2:1 
hexane/acetone then 5% CH3OH in CH2CI2) to give 19ing 
of 17-ethyl-l-.14-dihydroxy-12-C2«-(3"-hydroxy-4"-(l- 
methylindol-5-yl )oxycyclohexyl)-l • -methylvinyl]- 

30 23 , 25-dimethoxy-13 , 19 . 21 , 27-tetr amethyl-11 . 28-dioxa- 
4-azatr icyclo[22. 3 -1.0* • 9 ]octacos-18-ene-2 . 3 . 10 . 16- 
tetraone. Partial NMR (CDCI3. 200 MHz) 5;7.19 (d. 
J=10Hz, IH); 7.17 (d. J=2.5Hz. IH) ; 7.00 (d. J=3Hz. 
IH): 6.88 (dd, J=2.5Hz and lOHz, IH) ; 6.35 (d. J=3Hz. 
IH); 3.73 (s, 3H). 
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and 33mg of 17-ethyl-l,14-dihydroxy-12-[2 '-(A-'- 
hyd roxy-3 ( l-methyl indol-5-yl)oxycyclohexyl )-l ' - 
inethylvinyl]-23 , 25-dimethoxy-13 . 19 , 21 , 27-tetrainethyl- 
11 , 28-dioxa-4-azatricyclo[22 .3.1.0* . 9]octacos-18- 
5 ene-2,3,10,I6-tetraone. Partial NMR (CDCI3, 200 
MHz) 5:7.18 <d. J=8Hz, IH); 7.16 (d. J=2.5Hz, IH) ; 
6.98 (d, J=3Hz, .lH); 6.88 (dd, J=2.5Hz and 8Ez. IH) ; 
6.33 <d, J=3Hz. IH): 3.73 <s, 3H) . 



10 t:yample 19 

Tr^ (indo1 -'i-v1"»^isnnithine 

A-BOlu.tion _pf_5-bromoindole (5.0 g. » 25.5 mmol . ) in 

ether (50 mL.) was slowly added, at 0»C, to a slurry 

15 of KH (2.8g., 25 mmol . , 35% in oil; washed 3x with 
- -Kexanes) - in ether (40 mL; ) . The reaction mixture was 
stirred for 20 minutes then chilled to' -78«C. A 
precooled solution of t-butyllithium (29.7 mL. , 50.5 
mmol., 1.7M in pentane) was added dropwise via 

20 syringe to the mixture followed in 40 minutes by a 
solution of BiCl3 (1.89g.. 6.0 mmol.) in THF (25 
-mtr). -The -cooling bath was maintained for 2 hours 
then allowed to warm to room temperature overnight. 
-The reaction was quenched with ice water and 

25 extracted -3x with toluene. The extracts were 
combined, dried with Na2S04, filtered and 
concentrated in vacuo . The residue was diluted with 
75 mL. of toluene then stored at 4«C overnight. The 
solids were filtered and air dried to give 1.53g of 

30 tri(indol-5-yl)bismuthine. 
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STEP 19B 

17-Ethyl-1.14-dihydroxy-12-C2'-<4"-(indol-5-yl)oxy-3"- 
methoxycyclohexyD-l ' -methylvinyl]-23 . 25-dimethoxy- 

5 13 , 19 . 21 , 27-tetrainethyl-ll , 28-dioxa-4-azatricyclo- 

p? ■ ? ■ 1 . o4, 9inrf arns-l P - pnP-7. .3, 10 T fi-t straone 

To a stirred solution of tri(indol-5-yl)bis- 
muthine (1.3g. .2.33mol. ) . ^repaired by' procedures 
----outl-ined-in-STEP-14B-in CH2CI2 (30inI,.-> was added 

10 peracetic acid (0.50 mL.. 2.31 nunol., 32% in acetic 
acid) followed in 10 minutes by 17-ethyl-l. 14- 
d ihydroxy-12- [2 • - (4"-hydroxy-3"-methoxycyclohexyl>-l • - 

^niet-bylv-inyll-23 .25-dimethoxy-13 . 19 , 21 . 27-tetrainethyl- 

11 , 28-dioxa-4-azatr icydo [22 . 3 . 1 . 0* • ^ 3 octacos-18- 

15 ene-2,3.10.16-tetraone (l.Og., 1.26 mmol.) and 

CuC0Ac)2 (100-ing.;0T55 nmol.). The reaction mixture 
was allowed to stir at room, temperature for 3 days. 
The reaction was quenched with saturated aqueous 
NaHCOg and the mixture extracted 2X with.CH2Cl2. The 

20 extracts were combined, dried with Na2S04, filtered 
and concentrated in vacuo. The product was isolated 
and-purif ied-by-preparative -TLC 2X with 2:1 
hexane/acetone and once with 2:1 hexane/EtOAc to give 
208mg-of -the title compound. MASS (FAB), M + 906. 

25 -Parti al-iH NMR (CDClg. 200 MHz) 5:8.12 <bs, IH) ; 7.26 
(d, J=10Hz. IH): 7.22 <d, J=2.5Hz. IH) ; 7.18 (m, IH); 
6.9 (dd, J=Z.5Hz and'lOHz. IE); 6.44 Cm, IH) ; 3.53 
(s, 3H). 
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17-Allyl-l,14-dihydroxy-12-[2'-<4"-<indol-5-yl)oxy"3"- 
methoxycyclohexyD-l '-methyl vinyl]-23,25-dimethoxy- 
5 13,19.21, 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 

r 22 . 3 ■ 1 ■ 0^ > 9ioctacos-18^ene -2 ■ 3 , 10, 16-tetraone 

To a stirred solution of tri(indol-5-yl)bis- 
routhine (150 mg., 0.27 mmol,) in CH2CI2 <3 mL.) was 
added peracetic acid (0.05 mL. , 0.23 mmol-. 32% in 
acetic acid) followed in 15 minutes by 

17-allyl-l,14-dihydroxy-12-C2'-(4"-hydroxy-3"-methoxy- 
cyclohexyl )-l » -methylvinyl]-23 , 25-dimethoxy"13 .19.21,- 
27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 
[22-3-1.0^"»5] octacos-18-ene-2 .3,10. 16-tetraone 
(lOOmg., 0,124 mmol.) and Cu(0Ac)2 (20 mg.. 
O.llmmol.). The reaction mixture was allowed to stir 
at room temperature for 2 days. The reaction was 
quenched with saturated aqueous NaHC03 and the 
mixture extracted with CH2CI2. The extracts were 

20 combined, dried with Na2S04, filtered and 

concentrated in vacuo . The product was isolated and 
purified_ by preparative TLC 2x (2:1 hexane/ acetone 
then 5% CH3OH in CH2CI2) to give llmg of the title 
compound. MASS (FAB), M + Li 925. Partial NMR 

25 (Cd'c1^T~21)0 MHz) 5:8.12 (bs . IH) ; 7.24 <d. J=10Hz. 

IH); 7.22 (d, J=2.5Hz, IH) ; 7.17 (t, J=3Hz. IH) ; 6.9 
(dd. J=3Hz and lOHz. IH) ; - 6 .44- (bs , IH); -5.70 (m, 
IH); 3.53 (s, *3H) . 

i30 
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t:yamptj; 21 

17-EthyI-l , 14-dihydroxy-12-[2 • -(4"-(l-ethylindol-5- 
yl ) oxy-3"-iiiethoxycyclohexyl )-l • -methyl vinyl] -23 , 25- 
5 diinethozy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricyclo[i22 .3.1.0*' 9] octacos-18-ene-2 ,3,10 , 16-tetra- 

one — 

To a stirred solution of tri(l-ethylindol-5- 
yl)bismuthine (I50mg., 0.23iiunoi.), prepared, by 

i° procedures outlined in STEP i4A~&~B, in CT2CI2 <3 ml) 
was added peracetic acid (.063mL., 0.3 mmol., 32% in 
acetic acid) followed in 15 minutes by 17-ethyl-l,14- 
dibydroxy-12-[2 •-(4"-hydroxy-3"-methoaycyclohe^l)-l ' - 
iethylvinyiD-^a , 25-dimetho^-13 , 19 ,21 , 27-tetramethyl- 

15 ii,28-dioxa-4-azatricyclo[22.3 .1 . 0*« 9]octacos-18- 
ene-2,3,10,16-tetr_apne ClOp mg., 0.126 mmol.) and 
Cu(0Ac)2 (20 mg., 0.11 mmol.). The reaction mixture 
was allowed to stir at room temperature for 3 days. 
The reaction was then quenched with saturated aqueous 

20 NaHCOj and the mixture extracted 2X with CH2CI2. The 
extracts were combined, dried with Na2S04, filtered, 
and concentrated is^j^acHQ to a brown oil . The 
product was isolated and purified by preparative TLC 
on silica gel <first with 2:1 bexane/ acetone followed 

25 t^-"3% CH3PH in~CH2Ci^)~ to give 60 mg of the title 
impound, MASSTFAB) M + Na 957. Partial % NMR 
(CDCI3, 200 MHz) 6:7.19 (d, J=10Hz, IH) ; 7.18 (d, 
J=3Hz . IH) ; 7-. 05 (d , J=4Hz , IE) ; 6.90 <dd , J=3Hz . 
lOHz, IH): 6.35 (d. J=4Hz, IH) ; 4.09 (q. J=6.7Hz. 

30 2H); 3.5 (s. 3H); 1.4 (t„ J=6.7Hz, 3H). 
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. -183- 
y.yAMPLE 22 



17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(l-ethylindol-5- 
yl)03cy-3"-hydroxycyclohexyl)-l '-methyl vinyl] -23 , 25- 
dimeth02cy-13 . 19.21, 27-tetramethyl-ll . 28-dioxa-4-aza- 
tricyclo[22 . 3 . 1 . 0^ . 9] octacos-18-ene-2 ,3,10, 16-tetra- 



ons- 



To a solution of tri(l-~ethylin<iol-5-yl)bis- 
iSthine~<0.2 gm) prepared try procedures outlined in 
Step 14A i B in CH2CI2 (2 iiil> at room temperature was 
added peracetic acid <37 jiL, 0.2 mmol) . After 
stirring for 15 minutes at room temperature, was 
added 17-ethyl-l,14-dihydroxy-12-[2«-<4",3"-dihydroxy- 
cyclohexyl)-l '-methylvinyl]-23 ,25-dimethoay-13 ,19,21 , 
15 28-tetramethyl-11.28-dioxa-4-azatricyclo[22.3.1.0*'9] 
octacos-18-ene-2,3,10,16-tetraone (0.2 gm, 0.25 mmol) 
followed by Cu(0Ac)2 (20 mg) and the reaction mixture 
was stirred for 2 days. To the reaction mixture was 
then added saturated NaHCOs (approximately 20 ml) and 
20 the mixture was extracted twice with CH2C12- The 
combined organic extracts were dried over Na2S04, 
filtered and concentrated ia vacuo . The mixture of 
17-ethyl-l . l4-dihydroxy-12-[2 ' -(4"-<l-ethylindol-5- 
yl)oxy-3"-hydroxycyclohexyl)-l'-methylvinyl]-23,25- 
25 dimethyoxy-13 ,19,21. 27-tetramethyl-ll , 28-dioxa-4- 
azatricyclo-C22 .3.1.0^ . 9]octacos-18-ene-2 . 3 . 10 , 16- 
tetraoiie and 17-ethyl-l . 14-dihydroxy-12-[2 •-(4"- 
hydroxy-3"-(l-ethyl-indol-5-yl)oxycyclohexyl)-l'- 
methylvinyl]-23 . 25-dimethoxy-13., 19 ,21 , 27-tetra- 
iethyl-ll , 28-dioxa-4-azatricyclo[22 .3.1.0* » ^3- 
octacos-18-ene-2,3,10,16-tetraone were separated by 
chromatography (silica. 3:1, hexanes :ethyl acetate) 
to give the title compound (0.035 gm) . 
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TLC (silica, 3:1. hexanes : ethyl acetate) Rf=d.55. 
Partial NMR (CDCI3, 200 MHz) 5:7.21 <d, J=10H2. 
IH): 7.14 <d. J=3Hz, IH); 7.08 (d. J=^Hz, IH); 6.85 
(dd, J=3H2 and lOHz, IH) ; 6.36 (d, J=4Hz, IH) , 4.10 
5 (q. J=6.7H2. 2H); 1.42 <t, J=6.7Hz. 3H). 

jRYAMPLE 23 _ 

' lylMyl-V, 14-dihydrcxy-12-[2"' - (4"-( 1-propyl indol-5- 
1° yl)o^-3"-metlioxycyclohexyl)-l * -methylvinyl] -23*25- 
dimethoxy-13 .19,21, 27-tetramethyl-ll . 28-di 03:a-4-aza- 
tricycloC22.3 .1.0*»9]octacos-18-ene-2,3 . 10, 16-tetra- 



<?ne 



To a stirred solution of tri(l-propylindol- 
5-yl)bisniuthine (200 mg., 0.29 nmol.), prepared by 
procedures analogous to STEP 14A and B, in CH2CI2 (3 
mL.) was added peracetic acid ( 0.075inL., 0.36 
iiimol.,32% in acetic acid) followed in 10 minutes by 
17-ethyl-l. l4-dihydroxy-12-[2 •-(4"-hydroxy-3"-methoxy- 
20 cyclohe^l)-l'-methylvinyl]-23,25-diinethoacy-13 ,19.21,- 
27^tetrainethyl-ll .28-dioxa-4-azat^icyclo- 
t22 . 3 . 1 . 0^ ' 9] octacos-18-ene-2 ,.3 , ia,16-tetraone (150 
mg. , 0.19 mmol.) and Cu(0Ac)2 (30 mg., 0.17mmol.). 
The -reaction mixture was stirred for 20 hours at room 
25 temperature. The reaction was then quenched with 
-saturated aqueous NaHCOs and the mixture extracted 
with CH2CI2. The extracts were combined, dried with 
Na2S04, filtered and concentrated in vacvo - The 
product was isolated and purified by preparative TLC 
30 3x on silica gel (2:1, hexane/ acetone; 3% CH3OH in 
CH2CI2; 2:1, hexane /acetone) to give 70mg of the 
title compound. MASS (FAB) M + Na 971. Partial % 
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NMR (CDC;3. 200 MHz) 5:7.17 <d. J=10Hz, IH) ; 7.02 
(d,.J=4Hz, IH); 6.88 (dd, J=3H2 and lOHz, IH) ; 6.32 
(d, J=4H2. IH); 3,97 (t, J=7Hz, 2H) , 3.50 (s. 3H); 
1.80 (m. 2H). 

EXAMPLE 24 

17-Ethyl-l,14-rdihydroxy-12-[2'-(4"-(l-propylindol-5- 
yl)ox y-3' '-hy d^r qxy cy c 1 ohexy 1 ) - 1 • -me thy 1 vi ny 1 ] -2 3,25- 
diinethoxy-13 , 19 ,21 , 27-tetraiDethyl-ll , 28-dioxa-4-aza- 
tricyclo [22 . 3 . 1 . 0* » 93octacos-18-ene-2 , 3 , 10 , 16- 
tetraone 

To a stirred solution of tri(l-propylindol- 

5-yl)bismuthine (200 mg., 0.29 mmolO. prepared by 
procedures analogous to Step 14A and B, in CH2CI2 (3 
mL.) is added peracetic acid f 0.075mL. 0.36 
inmol.,32% in acetic acid) followed in 10 minutes by 
17-ethyl-l,14-dihydroxy^l2-[2'-(3",4"-dihydroxy-3"- 
cyclohexyl )-l • -methylvinyl] -23 , 25-d imethoxy-13 ,19,21.- 
27-tetramethyl-ll , 28-dioxa-4-a2atr icyclo- 
[22 . 3 . 1 . 0* » 9 ] octacos-18-ene-2 ,3,10 , 16-tet raone (150 
mg JI^19 mmol .J. and „Cu.<OAc )£ _<30 mg . , 0 . 17imnol . ) . 
The reaction mixture is stirred for 20 hours at room 
temperature. The reaction is then quenched with 
sarurated aqueous NaHC03 and the mixture extracted 
with CH2CI2. The extracts -are combined, dried with 
Na2S04, filtered and concentrated in vacuo . The 
product is isolated and purified from the C-3" ether 
by preparative TLC on silica gel to give the title 
compound . 
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f.Y|&MPt.E 25 



10 



17-Ethyl-l. 14-dihydroxy-12-[2 • -(4"-(l--liydrcxyethyl- 
indol-5-yl)03Qr-3"-methoxycyclohexyl)-l'-methylvinyl]- 

23 25-diinethoxy-13 . 19 . 21 . 27-tetrainethyl-ll , 28-dioxa- 
4-Latr icyclo [22 ,3.1.0*. 9] octacos-18-ene-2 . 3 .10 . 16- 



PTF.P 25A 



1 -C?-TTvdrr 'T V«^^hV > >-'>-hrQmOTndQlfr 

A mixture of NaOH <4.4 gm. 0.011 mol) in DMSO 
— (175 ml) was. stirred at iOO-C f or . 5 hours_at which 

time it was cooled to 20-C.. To this mixture was 
15 added 5-hromoindole (20 gm. 0.102 mol) and the 

reaction was stirred for 8 hours at room 

temperature. A solution of ethylene oxide (5.1 gm. 

0 125 mol) in DMSO (20 .ml) was prepared by bubbling 

the gas into DMSO. To the bromoindole reaction 
20 xnixture was slowly added the ethylene oxide solution 

and stirring was continued for another 2.5 hours. 

The reaction mixture was then poured into ice water 

and extracted twice with diethyl ether. The combined 
^ethex-ext-r-acts-were_.concentrated M whereupon 
25 -crystallization took place. The crude product was 

-recrystallized from diethyl ether :hexanes (3:2) to 

afford the title compound (6.25 gm) . 
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g_ TFP ? 5g. 

l-(2-t-ButvldimethvlsilvlQ in/ethvl^-5-bromoindole 

A solution of l(2-hydroxyethyl)-5-bromoindole 
(6 gm, 0.025 mol), t-butyldimethylsilyl chloride (4.5 
gm, 0.03 mol) and triethylamine (4.2 ml, 0.03 mol) in 
CH2CI2 (60 ml) was stirred for 12 hours at room 
temperature. -The reaction mixture was then washed 
twice- with- H2O— dried -over"Na2S04, filtered and 
concentrated in vacuo to provide the title compound 
as a yellow oil, •'•H NMR was consistent with the 
desired structure . 

gTEP Z5Q 

_Tri[l-(2-t-butyldimethylsilyloxyethyl)-indol-5-yl3- 

bismuthine ; \ : — , . 

To a solution of . l(2-t-butyldimethylsilyloxy- 
ethyl)-5-bromoindole (1.4 gm. 0.004 mol) in diethyl 
ether (14 ml) at -78»C was added t-butyl. lithium (4.7 
ml of a 1.7 M solution in pentanes, 0.008 mol). 
After stirring for 1.5 hours, a solution of bismuth 
trichloride (0.4 gm, 0.013 mol) in THF (4 mL) was 
added. The reaction was stirred at -78'C for 2 hours 
and then allowed to warm slowly to room temperature 
and stirring was continued a further 8 hours. The 

-reaction mixture was then poured into H2O and 
extracted with toluene. The combined organic 
extracts were dried over Na2S04, filtered and the 
filtrate was concentred in vacuo . Purification by 
chromatography (silica, 4:1, hexanes : ethyl acetate) 
provided the title compound (1.03 gm) as a semisolid. 
NMR was consistent with desired structure. 
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g rriP 25D 



17-Ethyl-1.14-dihydro3y-12-[2'-(4"-(l-t-butyldi- 
nietliylsilyloxyethylindol-5-yl)oxjr-3"-methoxycyclo- 

hexyl)-l • -methylvinyl]-23 , 25-diinethoxy-13 , 19 , 21 . 27- 
tetramethyl-11.28-dioxa-4-a2atricyclo[22.3.1.0 » 2- 

^n-Haro8-i B-PT.*^-2 -3.10 1 6-t.etyapne- 



To a solution of tri [l-<2-t-b^ltyldimetllylsilyl- 
- oxyethyl)-iiidol-5-yl]bisiiiuthine (1.03 gm. 0.001 mol) 
10 in CH2CI2 (lt> ml) at room temperature was added 
peracetic acid (150 nL) . After stirring for 15 
minutes . 17-ethyl-l. 14-dihydroxy-12-C2 ' -(4"-hydroacy- 
„3'!=methoxycyclohe5jrl)-l • -methylvinyl3-23 . 25-dimethoxy- 
13 , 19 , 21 .27-tetramethyl-ll. 28-dioxa-4-azatricyclo- 
15 l^22.3.1.0*»9]octacos-18-ene-2.3,-10.16-tetraone (1 gm) 
was added to the reaction mixture followed by Cu(0Ac)2 
(0.04 gm) .and the reacton mixture was stirred for 20 
hours. To the reaction mixture was then added 
saturated NaHCOs.and it was then extracted with 
20 CH2CI2. The organic extracts were dried over Na2S04, 
filtered and the filtrate was concentrated in 2mSJiSL. 
The crude product -was- purified by chromatography 
(silica. 3:1. hexanes:ethyl acetate.) to provide the 
title compound (0.38 gm ) . NMR was consistent with 

25 desired structure. 
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25E 



17-Ethyl-1.14-dihydroxy-12-[2'-(4--(l-hydroxyethyl- 
indol-5-yl)oacy-3"-inethoxycyclohexyl)-l'-methylvinyl]- 
23 . 25-dimethoxy-13 . 19 . 21 . 27-tetrainethyl-ll . 28-dioxa-4- 
azatr icyclo[22 .3.1.0^ . 9]octacos-18-ene-2 ,3.10. 16- 



tftraone 



To a solution of--17-et-hyl-1.14-dihydroxy-12- 
[2 • _(4"_(l-t-butyldimethylsxlyloxyethylindol-5-yl)oxy- 
10 3M_niethoxycyclohexyl)-l ' -methylvinyn-23 . 25-dimethGxy= 
13 , 19 , 21 . 27-tetrainethyl-ll . 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0* . 9]octacos-18-eiie-2 .3,10, 16-tetraone (0. 38 
gm) in CH2CI2 (10 ml) at room temperature was added a 
solution of para-toluene sulfonic acid (0.05 gm) in 
15 CH3OH (10 ml). The reaction mixture was stirred for . 
-3 -hours until-TLC . (silica,. 2 Ll. hexanes : ethyl 
acetate) verified that reaction was complete. The 
reaction mixture was poured into saturated NaHCOg and 
extracted twice with CH2CI2. The combined organic 
20 extracts were dried over Na2S04. filtered and 
concentrated in zaCJifi. The crude product was 
purified by chromatography (silica., 2:1 hexanes : ethyl 
acetate) to provide the title compound 0.245 gm. 
MASS (FAB) 

25 M + Li 957. Partial NMR.(CDCl3, 200 MHz) 6:7.18 
- (d. J=10Hz, IH) :- 7 .16- (bs,_lH); 7.06 (d. J=4Hz, IH); 
6.86 (dd. J=3Hz and lOHz. IH) ; 6.33 (d, J=4Hz, IH) ; 
4.13 (t, J=6.7Hz, 2H); 3.83 (t. J=6.7Hz, 2H): 3.43 
(s, 3H). 

30 
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EXAMPLE. 26 

17-Ethyl-l . 14-dihydroxy-12-C2 ' -(4"-(l ' -allylindol-5 • - 
yl)oxy-3"-iDethoxycyclohexyl)-l •-methylviiiyl3-23 , 25- 
dimethoxy-ia . 19 . 21 . 27-tetramethyl^ll, 28-dioxa-4-a2a- 
tricycloC22. 3 . 1 • 0^ » 9]octacos-18-ene-2 ,3 , 10, 16- 
tetraone : 



S3SE^2M ' - - 

10 

;T-Allvl-5 -hrQmQindole 

To a stirred mixture of NaOH (204 mg. , 5.1 

mmol. , 1 eq.) in DMSO (10 mL. ) was added 

5-bromoindole (1.0 g., 5.1 mmol., 1 eq.)- The 
solution was stirred for three hours upon complete 
dissolution of the NaOH (approximately 1 h.). To 
this solution was' added allyl iodide (0.466 mL, , 5.1 
mmol., 1 eq.) via syringe. After 2 h. the mixture 
was diluted with water and extracted 2x with diethyl 
ether. The organic extracts were combined, dried 
over anhydrous MgS04, filtered and concentrated in 
vacuo. The product was purified by flash column 
chromatography on silica gel (4:1 hexanes/ acetone) 
affording 730 mg l-allyl-5-bromoindole. 

25 

<;tep 26B 

TrifI-allvlindol- 5-vl)bismuthine 

To a stirred solution of i-allyl-5-bromoindole 
3° (730 mg. , 3.09 mmol., 1 eqO in diethyl ether (15 mL) c 
at -78°C under N2 was added t-butyllithium (l.SmL., 
3.09 mmol., 1 eq., 1.7M solution in pentane) . The 
mixture was stirred at -78^0 under N2 for 1 h. To 
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this mixture was added a solution of bismuth 
trichloride (292 mg. . 0.93 mmol-, 0-3 eq.) in dry THF 
(3 mL.) dropwise via syringe. The ice bath was 
packed with dry ice and the flask covered. The 
^ mixture was allowed to warm slowly to room 

temperature oyernight. The reaction mixture was then 
diluted with toluene and washed with brine. The 
layers were separated" and the aqueous layer extracted 
3x with toluene^ — The-organic-extracts were combined, 
dried over anhydrous Na2S04r filtered and 
concentrated in vacuo. The residue was dissolved in 
ether and filtered through a 0.4 micron pTFE 
membrane. The product started to crystallize. 
Cooled solution in freezer. Collected crystals 
giving 200 mg, of tris-l-allylindol-5-yl)bismuthine. 

RTEP 26C 

17-Ethyl-l,14-dibydToxy-12-[2»-(4"-(l'-allylindol-5'- 
yl)oxy-3"-methoxycyclohexyl)-l '-methylvinyl]-23,25- 
dimethoxy-13 .19,21. 27-tetramethyl-ll , 28-dioxa-4-aza- 
tr icyclo[22 .3.1.0** 93octacos-18-ene-2 ,3,10. 16-tetra- 

fine • — 

To a stirred solution of tri(l-allylindol"5- 

2^ yDbismuthine (186 mg., 0,275 mmol., 1.2 "eq.) in 

CH2CI2 (3 mL.) was added peracetic acid (0.064 mL. . 
0.303 mmoi:, 1.32 eq. , 32% solution in dilute acetic 
acid). To thi45 solution was added THF (1 mL.), 
17-€thyl"l,14-dihydroxy-12-C2'-(4"-hydroxy-3"-methoxy- 

cyclohexyl )-l • -methylvinyl]-23 . 25-dimethoxy-13 . 19 . - 
21^ 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0* » 9] octacos-18-ene-2 ,3.10 , 16-tetraone ( 181 
mg,. 0-229 mmol., 1 eq.) and copper (II )acetate (10 
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mg . . 0 . 055 nanol . . 0 ,2A eq,. ) . The mixture was capped 
• and stirred overnight. The reaction was diluted with 
saturated aqueous NaHCOa and extracted 4x with 
CH2C12- The organic extracts were combined, dried 

5 over anhydrous Na2S04. filtered and concentrated in 
vacuo. The product was isolated and purified by 
flash column chromatography on silica gel (2:1 
hexanes /acetone) followed by preparative TLC C5.5% 
— methanol/CH2Cl2) affording 56 mg pure title 

10 compound. MASS (FAB) M + Li 953. Partial WMR 
(CDCI3. 200 MHZ) 5:7.17 (bSi IH); 7.15 (d, J=10Hz, 
IH); 7.02 (d. J=3Ez, IH); 6.88 (dd. J=2Hz and lOHz, 

^lfi);-6.36-(d. J=3Hz, IH); 5.95 (m. IH) ; 4.63 (bd. 



L5 



J=14Hz. IH); 3.50 (s, 3H). 
■RYAhfPT.E 27 



17-Ethyl-l . 14-dihydroxy-12-[2 • -(4"-(l • -allylindol- 
5 • yl ) oxy-3"-hydroxycyclohexyl)-l * -methyl vinylj -23 . 25- 
20 dimethoxy-13 . 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricycloC22 .3.1.0^ . 9]octacos-18-ene-2 ,3 , 10 . 16- 

■i-otT-aoTie -■ 

To a stirred solution of 
tri-(-l-allylindol-5-yl)bismuthine (1.0 g, 1.48 mmol, 

25 1.2 eq) in CH2CI2 (9 mL) and THF (3 ml*) was added 
peracetic acid (0.315 mL, 1.62 mmol. .1.32 eq, 32% 
solution in diluted acetic acid). To this solution 
was added 17-ethyl-1.14-dihydr03y-12-C2 '-4(4". 3"- 
dihydroxycyclohexyl )-l • -methylvinyl]-23 . 25-dimethoxy- 

30 13 , 19 ,21 , 27-tetramethyl-ll , 28-di<3xa-4-azatricyclo- 
[22.3 . 1 . 0*' 9]octacos-18-ene-2,3 ,10, 16-tetraone (956 
mg. 1.'23 mmol. 1 eq) and copper (Il)acetate (22 mg, 
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0.123 mmol, 0.1 eq) . The mixture was capped and 
stirred for four days. The reaction was diluted with 
saturated aqueous NaHC03 and extracted 4x with 
CH2CI2. The organic extracts were combined, dried 

5 over anhydrous NaS04, filtered and concentrated in 

2taciia. The product was isolated and purfied by flash 

column chromatography on sili ca gel (3:1 

hexanes/acetone) followed by preparative'tLC (3.5% 
^methZnoI/'CHjci2)'lSfofdi^^^ n»g" pure-17-ethyl-l , 14- 

10 dihydroxy-12-[2'-(4"-l'-allylindol-5'yl)oxy-3"-hydroxy 
cycloheacjrl]-l ' -methylvinyl]-23 , 25-dimethoxy-13 ,19 , 21 , 
27-tetramethyl-ll , 28-dioxa-4-azat ricycloC22 , 3 . 1 . 0* ♦ 5] 
octacos-18-ene-2 , 3 , 10 , 16-tetrone . 

MASS (FAB), M+Li 953. Partial % NMR (CDCL3. 200 MHz) 
15 5: 7.17 (d, J=10 Hz, IH) ; 7-15 (brs , IH) ; 7.05 (d. 
j=3 Hz, IH); 6.86 (dd. J=10 Hz, J=2.5 Hz, IH) ; 6.39 
(d, J=3 Hz, IH); 6.05-5.85 (m, IHO; 4.66 (brd, J=8.5 
Hz, 2H); 4.57 (brd. J=5 Hz, IH) ; 4.38 (brd, J=13 Hz. 
IH). 

20 

KTAMPLE 28 

17-Ethylrl . 14-dihydroxy-12-[2 • -(4"-(9 ' -methylcarbazol- 
3 • -yl )oxy-3 "-methoxycyclohexyl )-l ' -methylvinyl]-23 . 25- 
25 dimethoxy-13 . 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 . 3 . 1 . 0^ ' 9]octacos-18-ene-2 ,3,10, 16- 
tetraone ■ 
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fTEP 2SA 

-r- r^ ( Q-metl i yl r a rhazol -3-y1 gmuthine 

TO a Stirred mixture of 3-broino-9-methyl- 

5 catbazole (646 mg.. 2.48 mmol., 1 eg.) in diethyl 
ether <12 mL) at -TSOC (not all carbazole in 
solution) under N2 was added t-butyllithium <3.0 mL.. 
4.96 mmol., 2 eq. , 1.711 solution in pentane). The 
- -^HTixture wa-s warmed-quickly-to room temperature and 

10 then guicl^ly cooled to -780C and stirred under N2 for 
40 minutes. To this mixture was added a solution. of 
bismuth trichloride (235 mg. . 0.744 inmol. . 0,3 eqO 

in-dry-THF <2.-5-mL.)-dropwise via syringe. The ice 

bath was packed with dry ice and the flask covered. 

15 The mixture was allowed to warm slowly to room 
temperature overnight.- The reaction mixture was 
poured into a separatory funnel containing brine and 
etracted 4x with CH2CI2. The organic extracts were 
combined, dried over anhydrous Na2S04. filtered and 

20 concentrated in vacuo. The solid residue was 

triturated with ether and ether /methanol. The solids 
were collected giving 200 mg. of 

tri<9-methylcarbazol-3-yl)bismuthine. The supernatant 
-was-saved-f or— further-pur if i cati on . 



-25 



- -STSS-ZSS. 

17-Ethyl-l,14-dihydroxy-12-[2'-<4"-(9'-methylcarbazol- 

3 • _yi)oxy-3"-methoxycyclohexyl)-l ' -methyl vinylJ-23 , 25- 
30 aimethoxy-lS, 19.21. 27-tetr amethyl-11. 28-dioxa-4-aza- 
tr icyclo[22 .3.1. 0*' 9]octacos-18-ene-2 . 3 . 10, 16- 
^-Ptraone : 
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To a stirred mixture of trl(9-methylcarbazol- 
3-yl)bismuthine (200 mg. , 0.267 mmol., 1.2 eq.) in 
CH2CI2 (3 niL.) and THF (1 mL.) was added peracetxc 
acid (0.062 mL. , .295 mmol., 1.32 eq., 32% solution 
5 in dilute acetic acid). To this solution was added 
17-ethyl-l,14-dihydroxy-12-[2'-(4"-hydroxy- 
3 • '-me thoxycyclohexyl )-l ' -methy Ivinyl ] -23 , 25-dime thoxy- 
13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-azatr icyclo- 
- [-22 .-3—1 . 0^ » 9^ octaco&-18-ene-2 . 3 , 10 , 16-tetraone ( 175 
10 mg.. 0.222mmol., 1 eq.) and copper (Il)acetate (10 

mg., 0.055 mmol., 0.24 eq.). The mixture was capped 
and stirred for 48 hours. The reaction was diluted 
-with-saturated aqueous_NaHC03 and extracted 4x with 
CH2CI2. The organic extracts were combined , dried 
over anhydrous Na2S04, filtered and concentrated in 
vacuo. The product- was isolated and purified by 
flash column chromatography on silica gel (3:1 
hexanes/ acetone) followed by preparative TLC (3.5% 
methanol /CH2CI2) affording 100 mg of the title 
compound. MASS (FAB) M + Li 977. Partial NMR 
(CDCI3, 200 MHz) 6:7.68 (d, J=2Hz, IE); 7.48-7.10 (m. 
6H): 4.58 (bd, J=4.8Hz, IH); 4.39 (bd, J=14Hz. IH) ; 
3.80 (s, 3H); 3.53 (s, 2H) . 



_ TOAMPLE 29 

17-Ethyl-l , 14-dihydroxy-12-C2 • -(4"-( 1 ' -benzylindol-5- 
yl)oxy-3"-methoxycyclohexyl )-l « -methylvinyl3-23 , 25- 
dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tr icyclo[22 .3.1.0^ . 9]octacos-18-ene-2 , 3 , 10 , 16- 
tetraone 



15 



20 



25 



30 
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TO a stirred mixture of NaOH (204 mg. . 5.1 
5 xninol. . 1 eq.) in DMSO (10 mLO was added 

S-bromoindole d-O g.. 5.1 mmol. . 1 eq.)- The 
.solution was stirred for 20 hours upon ^^mvl^te 
dissolution af the NaOH (approximately 1 h.) - 
this soiutioh-was-added -benzyl -bromide_(0.606mL,., 5.1 

10 ^ol.,leq.> via syringe. ^^^^ ' J^'^l^Tl,, 
was diluted with water and extracted 4x with dxethyl 
ether. The organic extracts were combined, dried 

- - We-^anhydrous-MgSO^-,.-f-iltered and concentrated xn 
vacuo. The product was purified by crystallization 

15 (ether/hexanes) affording 888mg of 
l-benzyl-5 -bromo indole . 

gy rnp 29B 

TO a Stirred mi^ure of i:benzyl-5-bromoindolB. 
3 (888 mg.. 3.105 mmol.. 1 eq.) in diethyl ether (15 
„i) at -780C (not all indole was in solution) under 
No-was-added.t^butylIithium_(.3.65 mL.. 6.21 mmol.. 2 

25 eq.. 1.7M solution in pentane). The mixture was 
stirred at -780C under N2 for 1 hour . To this 
mixture was added a solution of bismuth. trichloride 
(294 mg.. 0.932 mmol.. 0.3 eq.) in dry TEF C3 "iL.) 
dropwise via syringe. The ice bath was packed with 

30 dry ice and the flask covered . The mixture was 
allowed to warm slowly to room temperature 
overnight. The reaction mixture was poured into. a 
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separatory funnel containing brine and etracted 4x 
with CH2CI2 The organic extracts were combined, 
dried over anhydrous Na2S04, filtered and 
concentrated in vacuo. The solid residue was 
5 triurated with ether. The solids were collected 
giving 200 mg. of tri(l-benzylindol-5-yl>- 
bismuthine. The supernatant was saved, for further 
purification. 



10 <;tep 29C 

17-Ethyl-l , 14-dihydroxy-12-C2 • - (4"-(l • -benzyl indol-5~ 
yl>oxy-3"-inethoxycyclohexyl)-l'-methylvinyl]-23.25- 
dimethoxy-lS ,19.21, 27-tetramethyl-ll , 28-dioxa-4-aza- 
15 tricycloC22.3.1.0*»9]octacos-18-ene-2.3,10,16- 

•hetraone : — ~ " i 

To a stirred mixture of tri(l-benzylindol-5- 
yl)-bismuthine (200 mg. ^ 0.242 mmol., 1.2 eq.) in 
CH2CI2 (3 mL.) and THT (1 mL. ) was added peracetic 

20 acid (0.060 mL. , .285 mmol., 1.4 eq., 32% solution in 
dilute acetic acid). To this solution was added 
17-ethyl-l , 14-dihydroxy-12-[2' -(4"-hydroxy- 
3'•-methoxycyclohexyl)-l•-methylvinyl3-23,25-dimethoxy- 
13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 

25 [22.3.1.0*«9]octacos-18-ene-2,3,10,16-tetraone (159 
mg., 0.202 mmol., 1 eq.) and copper (II )acetate (10 
mg., 0.055 mmol., 0.24 eq.). The mixture was capped 
and stirred overnight. The reaction was diluted with 
saturated aqueous NaHCOs and extracted 4x with 

30 CH2C12- The organic extracts were combined, dried 
over anhydrous Na2S04, filtered and concentrated in 
vacuo. The product was isolated and purified by 
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10 



15 



flasb column chromatography on silica gel (3:1 
hexanes /acetone) followed by preparative TLC (3.5% 
methanol/CH2Cl2) affording 100 mg of the title 
compound. MASS <FAB) M + Li .1003. Partial NMR 
(CDCI3. 200 MHz) 5:7.3-7.0: (m. BE); 6.84 <dd. J=9Hz, 
IH): 6.40 (d. 3Hz, IH): 5.23 (bs , 2H) ; 4.6 (bd, 
-J;^6Hz, IH); 4.38 <bd, J=14Hz. IH); 3.50 (s. 3H) . 



-KYAMPIjE 31- 



17-Ethyl-l-hydroxy-12-C2'-(4"-<l-N-methyl-5-indolyl)- 
osy-3"-allyloxycyclohexyl^-l '-methylvinyl]-23 , 25- 
"d-iinethoxy-13-19v2-l-27-tetramethyl-ll , 28-dioxa-4-aza- 
trirvr,ior2^ ^1 o4. 9i ^n^-^rns-i 8-PT1P-7. .3.10.1 6-tetrgope 



STEP 31A 



17-Ethyl-l-hydro^-12-G2 • -(4"-< tert-butyldimethyl- 
s iloxy)-3"-allyloxycyclohe3grl)-l ' -methylvinyl]-23 , 25- 
20 dimetboxy-13.19.21.27-tetramethyl-11.28-dioxa-4-aza- 

4-^4T y^1nr22 .3 .1.0 ^» 9 lpr<-ar,os-18-PTlP-2 . 3.10.1 6-tgtraOPe 

To a solution of 17-ethyl-l-hydro3cy-12-[2'-(4"- 
(tert-butyldimethylsiloxy)-3"-hydro3Eycyclohexyl)-l'- 
-methylvinyl3-2-3T.25-dimet-hoxy-13 .19.21 ,27-tetramethyl- 
25 11, 28-dioxa-4-azatricycloC22 .3.1. 0^ octacos-18-ene- 
__2_3-io.i6-tetraone (300 mg) in 9 ml 33% methylene 
chloride in cyclohexane was added allyl 
trichloroacetimidate (138 mg neat) and the reaction 
mixture was allowed to mix for 5 minutes. 
30 Trifluoromethanesulfonic acid (18 \l1 neat) was added 
slowly via syringe and the mixture stirred ^t room 
temperature. After 3 days the reaction was diluted 
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with ethyl acetate and quenched with saturated sodium 
bicarbonate. The layers were separated, and the 
organic layer was washed with brine then dried over 
magnesium sulfate. Purification of the concentrate 
5 by flash chromatography on silica gel (ethyl acetate: 
hexane (1:4) + ITL methanol) gave the title compound 
(230 mg; trichloroacatamide present). NMR 
consistent, with the desired structure. 

10 STEP 3 IB 

17-Ethy 1-1-hyd roxy-12- [ 2 • - ( 4"-hydr oxy-3 "-allyloxy- 

cyclohexyl )-l • -methylvinyl]-23 , 25-dimethoxy-13 , 19 , - 

21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 

15 j-??, . 3 . 1 . 0^ » 9loctacn s-1 8-ene-7 ^ ■ 10 . 16-tetraone 

To a solution of 17-ethyl-l-hydroaiy-12-[2 '-(4"- 
(tert-butyldimethylsiloxy )-3"-allyl6sycycloheacyl)-l • - 
methyl vinyl] -23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl- 
ll , 28-dioxa-4-azatr icyclo[22 .3.1.0* . 9]octacoB-18-ene- 

20 2, 3, 10, 16-tetraone (115 mg) (STEP 31A) in 

acetonitrile (2.5 ml) was added a solution of Z% HF 
in aqueous acetonitrile (40 nD, and the mixture was 
stirred at room temperature. After 4 hours, the 
-solution was diluted with ethyl acetate and quenched 

25 with saturated sodium bicarbonate. The layers were 
separated, and the organic layer was washed with 
brine and dried over magnesium sulfate. Purification 
of the concentrate by flash chromatography on silica 
gel (ethyl acetate :hexane (1:2)) gave the title 

30 compound (42 mg). NMR consistent with the desired 
structure. 
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«;tep 31C 

17-Ethyl-l-hydroxy-12-[2 • -(4"- ( l-N-methyl-S-indolyl )- 
osy-3"-allylo3ycyclohexyl>-l • -methylvinyl]-23 , 25-di- 

5 niethoxy-13 , 19 , 21 , 27-tet ramethyl-ll . 28-dioxa-4-azat r i- 
^y^i ^ r77 ■ 1 . 04.9inrtarfaP -1 ft-PTiP-2.? 10.1 6-tetTaPPe 
To a solution of tri(l-inethylindol-5-yl)bis- 
"muthine (53 mg> in methylene chloride (700 (a) was 
added peracetic acid (17-itl), and the mixture was 

10 stirred at room temperature for 15 minutes - 

17-ethyl-l-hydroxy-12-C2 ■ -<4"-hydroa5y-3"-allyl03cy- 
cyclohexyl )-l ' -methylvinyl]-23 ,25-dimeth03ty-13 , 19 . - 

2-i-r2-7-tetramethyl=ll,28j=dioxa-4-azatric^^ 

[22 . 3 . 1 . a* » 93 octacos-18-ene-2 ,3 , 10 , 16-tet r aone (42 

15 mg) was dissolved in methylene chloride (27Q |a> and 
added to the reaction mixture. After 18 hours the 
mixture was diluted with ethyl acetate and washed 
with saturated sodium bicarbonate. and brine then 
dried over magnesium sulfate- Purification of , the 

20 concentrate by flash chromatography on silica gel 
(ethyl acetate ihexane (1:3) + 1% methanol) gave the 
title compound (25 mg). MASS (rAB) 938 (M + Li); 
Partial NMR 5: 7.19 (s, IH); 7.18 (d. J=9Hz, IH); 
6.-98 (d.-J=3Hz, -lH).;_6.,.9.2_._(dd. J=9.3Hz. IH); 6.34 (d, 

^5 ^=3Hz,-lH.)-;-5.,.8;9_(m..lH); 4.56 (brd, J=4Hz, IH); 3.72 
(s, 3H).... . . .. 

. y.YAMPLE 32 

30 - i7-Ethyl-l-hydro3y-12-C2'-(4"-(l-N-methyl-5-indolyl)- 
oxy-3"-n-propyloxycyclohexyl)-l ' -methylvinyl] -23 , 25- 
dimethbxy-13 , 19 . 21. 27-tetramethyl-ll , 28-dioxa-4-aza- 
r> yrinr22 .3 . 1 9ioc <-aroR-i 8-enR-2 .3.10.1 6-tetraone 
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To a solution of 17-ethyl-l-hydroxy-12-[2 •-(4••- 
(l-N-lnethyl-5-indolyl)oxy-3••-allyloxycyclohe3cyl)-l •- 
methylvinyl]-23 . 25-diinethoxy-13 .19.21, 27-tetxainethyl- 
11 , 28-dioxa-4-azatricyclo [22 .3.1.0^' ^Doctacos-lS-ene- 

5 2 , 3 , 10 , 16-tetraone (20 mg) (EXAMPLE 31) in ethyl 

acetate (500 fil) was added rhodium on carbon (5 mg). 
The flask was filled with hydrogen, and the mixture 
was stirred at room temperature. After 1.5 hours the 
mixture was filtered through Celite then the solvent 

10 was removed in vacuo to give the title compound (20 
mg>. MASS (FAB) 940 (M + Li): Partial WMR 6: 
7.18 (s,lH); 7.16 (d, J=9Hz, IH) ; 6.96 (d, J=3Hz. 

1H>; ft-Q9 (dd, J=9.3Ez. IH): 6.34 ( d. J=3Hz , IH) ; 

4.55 (brd, J=4Hz, IH) ; 3.72 (s, 3H) . 

15 

T:y AMPLE 33 

17-Ethyl-1.14-dihydroxy-12-[2'-(4"-(l-N-methyl-5- 
indolyl)oxy-3"-i-propyl03ycyclohe^l)-l ' -methylvinyl]- 
20 23 , 25-dimethoxy-13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa-4- 
azatr icyclo[22 .3.1.0^' 9]octaco8-18-ene-2 ,3 , 10 , 16- 
tf'traone ' ' — 

-«;tEP-33A - 

.25 , 

. 17-Ethyl-l , 14-dihydroxy-12-[2 • -(4"-hydroxy-3"-i- 
propyloxycyclohexyD-l • -methylvinyl]-23 , 25-dimethoa^y- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 
177.-^.1. 0»» 9iQctaco s-18-ene-? .3.10. 16-tetrapne 
30 To a solution of 17-ethyl-l,14-dihydroxy-12- 

[2 • -(3" , 4"-dihydroxycyclohexyl)-l ' -methylvinyl]-23 , 25- 
dimeth6xy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
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tr icycloC22 . 3 . 1 . 0* » 93octacos-18-ene-2. 3 . 10 . 16-tetraone 
(300 mg in 4.5 ml 33% methylene chloride in 
cyclohexane) isopropyl trichloroacetimidate (142 mg 
neat) was added and the reagents allowed to mix for 5 

5 minutes. Trif luoromethanesulf onic acid (13.4 pi 
neat) was added -sloi*ly via syringe aiid the mixture 
stirred at room temperature. After 5 days the 
reaction was diluted with ethyl acetate and quenched 
with" satur at ed - sodium -b i carbonate . — ^TheHayer s wer e 

10 separated, and the organic layer was washed with 
brine then dried over magnesium sulfate. 
Purification of the concentrate by preparative TLC on 
— _gi-i-i.ca-gel-(et-hyl-acetate : hexane (1:1) + 1% 

methanol) gave the title compound (42 mg). H NMR 

15 consistent with the desired structure, 

f:TKV 33B 

17-Ethyl-l . 14-dihydroxy-12- [2 • -( 4"-( l-N-methyl-5- 
20 indolyl)ox5r-3"-i-propyloxycyclohexyl)-l ' -methy 1 vinyl ]- 
23 . 25-dimethoxy-13 . 19 . 21 , 27-tetramethyl-ll . 28-dioxa-4- 
azatr icyclb [22 .3.1. 0^ • 9loctacos-18-ene-2 .3,10, 16- 
tff<-raone 



To-a-solutioh of tri(l-methylindol-5-yl)biS- 
25 -niuthine-(52 mg) in- methylene chloride (700 nD was 
added peracetic acid (17 jil), and the mixture was 
stirred at room temperature for 15 minutes. 17- 
ethyl-1 , 14-di-hydroxy-12-[2 • -(4"-hydroxy-3"-i- 
pr opyloxy cyclohexyl>-l • -methylviny 1 J-23 . 25-d imethoxy- 
30 i3,i9,21,^27-tetramethyl-ll,28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0*« 9]octacos-18r-ene-2 , 3 , 10 , 16-tetraone (42 
mg) was dissolved in methylene chloride (450 jil) and 
added to the reaction mixture. After 18 hours the 
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mixture was diluted with ethyl acetate and washed 
with saturated sodium bicarbonate and brine then 
dried over magnesium sulfate. Purification of the 
concentrate by preparative TLC on silica gel (ethyl 
5 acetate rhexane (1:1 + 1% methanol) gave the title 
compound (9 mg). MASS (FAB) 956 (M + Li) Partial 
NMR 5: 7.19 (s, IH); 7.16 (d, J=9Hz, IH); 6.97 (d, 
J=3Hz. IH); 6.92 (dd, J=9, SHz, IH) ; 6.34 (d, J=3Hz, 
— 1H) :-4 . 41- (-brd , -J=14Hz-. lH) ;-2 .-72 (s , 3H) . 

10 

F.YAMPLE 34 

___17-Ethyl-1., 14-dihydroxy-12-[2 • -(4••-(l-N-lnethyl-5- 
indolyl)oxy-3••-allyloxycyclohexyl)-l • -methyl vinyl ]- 
15 23 , 25-dimethoxy-13 ,19.21, 27-tetramethyl-ll , 28-dioxa- 
4-azatricycloC22 .3.1.0^ » 9]octaco8-18-ene-2 ,3,10,16- 
^-ptraone '. . 

STEP 34A 

20 

17-Ethyl-l , 14-dihydroxy-12-[2 •-(4••-(te^t-butyldi- 
methylsiloa:y)-3"-hydroxycyclohexyl)-l • -methylvinyl]- 
23 , 25-dimethoxy-13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa- 
^4^azatricyclo[22 .3.1.0* . 9]octacos-18-ene-2 ,3,10, 16- 

25 1-Ptraone _ — 

To a solution of 17-ethyl-l ,14-dihydroxy-12- 
[2 •-(3" , 4"-dihydroxycyclohexyl)-l ' -methylvinyl]-23 , 25- 
dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 .3.1. 0*' 93octacos-18-ene-2 , 3 , 10 ,16-tetraone 

30 (1.0 g) in dry methylene chloride (14 ml) was added 
2,6-lutidine (240 p,l) and the mixture was stirred at 
room temperature. After 10 minutes, tert-butyl- 
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dimethylsilyl trif luoiomethanesulf onate (295 |a) was 
added via syringe. After 15 minutes the reaction 
mixture was diluted with ethyl acetate, washed with 
IN HCl. water, saturated sodium bicarbonate and 
brine.' The organic phase was dried over magnesium 
sulfate. Removal of the solvent in vacuo and flash 
chromatography on silica gel (ethyl acetate: hexane 
(1:3) + 17. methanol) gave the title compound (293 
mi)\" -Ih KMR consistent with the-desired-structure. 

pnrp 34B 

17-Ethyl-i-l-4=dihydroxsr-12-[-2'--(4"-(tert-butyldi- 

methylsiloxy).-3"-allylo2ycyclohexyl)-l • -methylvinylj- 

15 23 , 25-dimethoxy-13 , 19 . 21. 27-tetrame€hyl-ll . 28-dioxa-4- 
azatr icycloC22 . 3 . 1 . 0^ • 9 Joctacos-18-ene-2 . 3 , 10 , 16- 
tetr^one — : — : — ; ~~ 

TO a solution of 17-ethyl-1.14-dihydroxy-12- 
12 . _(4"-(tert-butyldimethylsiloxy)-3"-hydroxycyclo- 

20 hexyl )-l ' -methylvinylD -23 , 25-dimethoxy-13 . 19 , 21 . 27- 
tetramethyl-ll .28-dioxa-4-a2atricycloC22. 3 . 1 . 04,9] 
octacos-18-ene-2,3,10.16-tet-raone (290 mg in 3.9 ml 
337. methylene chloride in cyclohexane) allyl 
txichloroacetimidate (131-mg neat) was added and the 
-25 reagents allowed to mix for 5 minutes. Trifluoro- 

^methanesulfonic acid (6 ^a neat) was added slowly via 

syringe and the mixture stirred at room temperature. 
After 5 days "the reaction was diluted with ethyl 
acetate. and quenched with saturated sodium 

30 bicarbonate. The layers were separated, and the 

organic layer was washed with brine then dried over 
magnesium sulfate. Purification of the concentrate 
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by preparative TLC on silica gel (ethyl acetate : 
hexane (1:5) + 17. methanol) gave the title compound 
(150 mg). NMR consistent with the desired 
structure. 

5 

, «; 7EP 3 AC 

17-Ethyl-l , 14-dihydroxy-12-[2 •-(4••-hydro3cy-3••-allyl- 
oxycyclohexyl-)-l• -methylvihyl]-23 , 25-dimethoxy-13 , - 

10 19 ,21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
r22 . 3 . 1 . 0^ ' 9loctaco s-18-ene-7 .3.10. 16-tetraone 

To a solution of 17-ethyl-l , 14-dihydro3!y-12- 
. _ . c_2JL=(Jfll=.(-t e r.t=butyldime thyl s i 1 oxy ) -3 "-al ly loxy cy c lo- 
hexyl)-l ' -methylvinyl]-23 , 25-dimethoxy-13 , 19 , 21 , 27- 

15 tetramethyl-11 , i28-dioxa-4-azatricyclo[22 .3.1. 0*« ^D- 
octacos_l8-ene-2, 3, 10, 16-tetraone (150 mg) in 
acetonitrile (3 ml) was added a solution of 2% HF in 
aqueous acetonitrile (80 ^.1), and the mixture was 
stirred at room temperature. After 2 hours, the 

20 solution was diluted with ethyl acetate and quenched 
with saturated sodium bicarbonate. The layers were 
separated, and the organic layer was washed with 
brine and dried over magnesium sulfate. Purification 
-of— the_conc.entrate by flash chromatography on silica 

25 gel_(-ethyl_acetate: hexane (1:1) + 17. methanol) gave 
the title compound (63 mg); — % NMR cons is tent with 
the desired structure. 



30 
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RTRP 34D 



17-Ethyl-l . 14-dihydroxy-12-C2 •-<4"-<l-N-inethyl-5- 
indolyl)oxy-3"-allylo3:ycyclohexyl)-l'-metIiyivinyl]- 
23 . 25-dimetlioxy-13 , 19 . 21 , 27-tet ramethyl-ll , 28-dioaca- 
4-IzatricycloC22 . 3- 1. O** 93octacos-18-ene-2 , 3 , 10. 16- 



To a solution of trid-methylindol-S-yDbls- 
muthine <60 mgO-in-metJiylene- chloride -CI . 0 iia)_was 
10 added peracetic acid (23 ja), and the mixture was 
stirred at room temperature for 15 minutes. 
17-ethyl-l . 14-dihydro3cy-12-C2 • -<4"-bydroxy-3"-allyl- 

oxycyclohe3rjr-l->-l-^-inethylvinyl]^23 , 25-dimethoxy- 

13 , 19 . 21 , 27-t etramethyl-11 , 28-dioxa-4-azatzicyclo- 

15 [r.22;3.1.0^»^]octacos-18-ene-2,3,10,16-tetraone (60 
mg) was dissolved in methylene chloride (500 ^1) and 
added to the reaction mixture. After 20 hours the 
mixture was diluted with ethyl acetate and washed 
with saturated sodium bicarbonate and brine then 

20 dried over magnesium sulfate. Purification of the 
concentrate by preparative TLC on silica gel (ethyl 
acetate :hexane (1:2) + 1% methanol) gave the title 
compound (26 mg). partial % MMR S: 7.18 (s, IH); 
7^16 (d^=9Hz— 1H-); 6.-97_(d,_J=3Hz.-.inX; 6.91 (dd. 

25 -j=9-3Hz. lH) ;-6.34 (d, J=3Hz. IH) ; 5.89 (m, IH) ; 4.57 
-,(.brd,-J=4 Hz, .1H)_;_4.41 (brd, J=14Hz. IH) ; 3.70 (s. 

3H). 
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Tiy AMPLE 35 



17-Ethyl-l.lA-dihydroxy-12-[2'-(4"-(l-N-inethyl-5- 
indolyl)o3Ey-3"-n-propyloxycyclohexyl)-l'-methylvinyl]- 
23 . 25-diniethoxy-13 ,19,21. 27-tetramethyl-ll . 28-dioxa-4- 
azatricyclo[22 .3.1.0^ . 9]octacoB-18-ene-2 , 3 . 10 , 16- 
tfiraone . ^ 



To a solution of 17-etKyl-l7l4-dihydroxy-12- 
10 j-2 ._(4"-(l-N-iDethyl-5-iiidolyl)o3cy-3"-allylo3Eycyclo- 
hexyl)-l • -methylvinyl]-23 , 25-dimethosy-13 , 19 , 21 , 27- 
tetramethyl-ll, 28-dioxa-4-azatricycloC22 .3.1.0^*^1- 
-oetacos-18-ene=2,.3-.10..16-tetraone <14 mg) in ethyl 
acetate (400 pJ.) was added rhodium on carbon (4 mg) . 
15 The flask was filled with hydrogen, and the mixture 

was stirred at room temperature. After 1,5 hours the 
mixture was filtered through Celite thien the solvent 
was removed in vacuo . Purification by flash 
chromatography (ethyl acetate :hexane (1:1) + 1% 
20 methanol) gave the title compound (10 mg) . partial 
IH NMR d: 7.17 (S, IH) ; 7.15 (d. J=9Hz. IH) ; 6.97 
(dr~J=3Hzi-lH)r6.92-(-dd,- J=9.3Hz. lH);-6.34 (d. 
j=3Hz, IH); 4.56 (brd, J=4 Hz, IH) ; 4.40 (brd, 
— ^J=1.4Hz-,-lH)-:_3..71 (s, 3H). 



25 



30 
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f.yAVlPT.-E 36 



17-Ethyl-l.lA-dihydroxy-12-C2'-C4"-(l-(3-t-butyldi- 
inethylsilylo^ropyI>indol-5-yl)osy-3"-methoxycyclo- 

5 hexyl)-l • -inethylvinyl]-23 . 25-diinethoxy-13 . 19 . 2^ • 27- 
tetramethyl-11.28-dioxa-4-azatficycloC22.3.1.0 ' ]- 

-^r. t«rns-iP -°TT'-^ Tfi-tfitraQng ^ 

TO a s olution of triq-O-t-butyldimethyl- 
silyloxypropyl)-indGl-5-yl3"bisnmtiiine C0.43-gm. 

10 0 4inmolO in CH2CI2 <4inL.) at room temperature was 
added peracetic acid CO. 075 mL. . 327. in acetc acid) 
followed in 15 minutes by 17-ethyl-l. 14-dihydroxy- 
~ 12-[2'-(4"-hydroxy-3 "=inethoxycyclohe3Eyl)-l'-methyl- 
vinyl]-23 . 25-dimethoxy-13 .19 . 21 , 27-tetramethyl-ll , 28- 

15 dioxa-4-azatr icyclo C22 . 3.1.0^' 92octacos-18-ene-2 .3.10. 
16-tetraone (350 mg. . 0.44mmol.) and Cu(0Ac)2 <30 
me ) The reaction mixture was stirred for 2 d^ys. 
The reaction was then quenched with saturated NaHCOa 
and the mixture extracted with CH2CI2. The organic 

20 extracts were combined, dried over Na2S04. filtered, 
and concentrated in vacuo . The product was isolated 
and purified by preparative TLC on silica gel C3:l. 
hexane/acetone) to give 144 mg. of the title compound. 
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TTT AMPLE 37 

17-Ethyl-l,14-dihydroxy-12-t2'-(4"-(l-(3-hydroxy- 
pr opyl ) indol-5-yl ) oxy-3 "-methoxycyclohexyl )-l ' -methyl- 
5 vinyl]-23 . 25-diinethoxy-13 . 19 . 21 , 27^tetramethyl-ll , 28- 
dioxa-4-azatricyclo[22 .3.1.0* . 9]octacos-18-ene- 

7,3.in.l6-tetraone ^_ 

TO a solution of 17-ethyl-l,lA-dihydro3cy- 
12- r 2 • - < 4u-<-l- ( 3-t -^buty Id ime.thyls ily toxy-pr opyl ) ind ol- 

1° 5_yl)oxy-3"-methoxycyclohexyl)-l'-methylvinyl]-23 ,25- 
dimethoxy-13 . 19 , 21 , 27-tetrainethyl-ll . 28-dioxa-4-aza- 
tr icyclo[22 .3.1.0* . 93octacos-18-ene-2 , 3.10, 16-tetraone 

ClMmg)_inj:H2Cl2_ <A added a solution 

of p-toluene sulfonic acid (20 mg.) in CH3OH (4 mL.). 

15 The reaction mixture was stirred for 3 hr., quenched 
with saturated NaHCGs .then extracted with CH2C12- 
The extracts were combined, dried over Na2S04, 
filtered and concentrated in vacuo. The product was 
purified by preparative TLC on silica gel C2:l, 

20 hexane /acetone) to give 81 mg of the title compound. 
Partial NMR (CDCI3, 200 MHz) d: 7.22 <d, J=9 Hz. 
IH); 7.18 (d, J=3 Hz, IH); 7.07 (d. J=3 Hz, IH); 6.89 
(dd. J=3 Hz and J=9 Hz, IH) ; 6.34 (d, J=3 Hz, IH) ; 
_4.20 (t, J=6.5 Hz, 2H); 2.00 (m. 2H) . 

25 



30 



PCr/US92/07508 

WO 93/05058 



- 210 - 

f,X^MPT.Tg 38 

I7-Ethyl-1 . 14-dihydroxy-12v[2 • -(3"-hydro3cy-4--(l-t- 
butyldimethylsilyloxyethylindol-5-yl)oxycycloliexyl)- 
5 i.-n,ethylvinyl]-23.25-dimethoxy-13,19.21.27-tetra- 

methyl-ll . 28-dioxa-4-azatricyclot22 .3 . 1 . 04»9]octacos- 

I ff f^f- y , ^ , in-i6-tPtraQne ^ 

To a solution of tri[l-(2-t-butyldimethyl- 

silyloxyethyl>=indol-5-yl3 bismuthine (250 mg., 0.24 
10 mnol.) in CH2CI2 (2mL.) at rt was added peracetic 
acid < 0.05 inL.» 32% in acetic acid) followed in 15 
minutes by 17-ethyl-l.l4-dihydr03Qr-12-C2.-<3".4"- 
dihydroxycyclohe3cyl-)-l-'-methylvinyl]-2a.25^dimethoxy- 
13 ,19 .21,27-tetramethyl-il .28-dioxa-4-azatticyclo- 
1^ |;22.3!l.04.9joctacos-18-ene-2,3,10,16-tetraone 
(200mg, 0.25 minol) and Cu(0Ac>2 C20 mg.). The 
reaction mixture was stirred for 2 days. The reaction 
was then quenched with saturated NaHCOg and extracted 
with CH2CI2. The organic extracts were combined. 
20 dried with Na2S04, filtered and concentrated in 
vacuo. The product was. isolated and purified by 
preparative TLC (3il. hexane/ acetone) to afford 74 
mg. of the title compound. 

25 
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F.Y AMPLE 39 

17-Ethyl-1.14-dihydroxy-12-[2'-(3"-hydroxy-4"-<l- 

hydroxyethylindol-5-yl)oxycyclohexyl)-l'-methylvinyl]- 

5 23 . 25-dimethoxy-13 , 19 , 21 , 27-tetrainethyl-ll ,28-dioxa-4- 

azatr icyclo [22 .3.1. 0^ . 9]octacos-18-ene-2 ,3.10,16- 

t:Ptraone : 

To a solution of 17-ethyl-l,14-dihydroxy- 

12- [-2-' -(-3"-hydroxy-4'-i-< l-t-butyl-dimethyls ilyloxy- 
^° ethylindol-5-yl)oxycycloliexyl)-l'-methylvinyl3-23,25- 
dimethoxy-13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 .3.1.0^ . 9] octacos-18-en€-2 .3,10 . 16-tetraone 

(74mg) in CH2CI2 (2 mL.) at rt was added a solution 
of p-toluene sulfonic acid (10 mg.) in CH3OH <2 mL.). 
The reaction mixture was stirred for 3 hr., quenched 
with saturated NaHCOs, then extracted with CH2CI2- 
The extracts were combined, dried over Na2S04, 
filtered and concentrated in vacuo.. The product was 
purified by preparative TLC on silica gel (2:1, 
20 hexane/acetone) to give 44.8 mg of the title compound. 
Partial NMR (CDCl. 200 MHz) d: 7.24 (d, J=9Hz. 
IH); 7.15 (d, J=3Hz, IH) ; 7.12 (d, J=3.5Hz, IH) ; 6.86 
(dd, J=3 and J=9 Hz. IH) ; 6.39 (d. J=3.5, IH) ; 4.20 
(t. J=5, 2H). 

25 
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t:tample 40 

Tr i [ 1-2 ( t-butyi d ime thy 1 s i lyl oxy ethyl )- i nd ol- 
fi-y1 l-bis mtithine _ — 

5 

fH-ep A : ^--Rromoindole 

To a solution of A-bromo-Zr-nitrotoliaene 
T*^^'. 20 mmol.) in DMF (40 mL.) was added DMF 
dimethylacetal (7-.15g .-,-60_nimol . )_.and pyrrolidine 

^° (1.4 g., 20 mmol.). The solution was heated to 110° C 
for 4 hr.then cooled to rt. and diluted with ethyl 
ether. The mixture was washed 3X with water ^ dried 
__with Na2S04, f ilt_ered and the solvent evaporated. The 
residue was dissolved in 80% aqueous acetic acid (125 

15 nL.) and heated to 75° C. Zinc dust (9.75 g., 150 

mmol.) was added gradually over 20 min. The reaction 
mixture was heated to SS® C for 2 hr. then cooled to 
-35° C and filtered to remove unreacted zinc. The 
filtrate was diluted with ethyl ether, washed 3X with 

2^ water then with saturated aqueous NaHCOj. The 
solution was dried with Na2S04. filtiered and 
concentrated in vacuo to -30 mL. then diluted with 
hexanes and filtered. The filtrate was concentrated 
to-an_pff-white_j|©li.d:which was dissolved in hexane, 

25 filtered, and concentrated to give 1.65 g. of the 
title compound as a light green solid. 

<;i-BP B; l-(-2-t-Butyldimethylsilyloxyethyl)-6- 

hromoindole . . 

30 TO a slurry of NaH (192 mg., 4.8 mmol., 

607. oil dispersion) in DMF (4 mL.) was added, 
dropwise, a solution of 6-bromoindole (0.85 g., 4-34 
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mmol.) in DMF (4 mL.)- After stirring for 10 min. at 
rt., 2-t-butyldimethylsiloxyethyl bromide <(1.15 g., 
4.8 mmol,, neat) was added and the mixture stirred 
for 1.5 hr. The reaction mixture was partitioned 
between ice water and hexane. The organics were 
washed 2X with water, dried with Na2S04, filtered and 
concentrated in vacuo to a dark oil. The product was 
isolated by flash column chromatography (silica, 4:1 
hexane s /acetone )_tp give li P4^ g. of -the title - 
compound as an oil. 

step C : Tr i [ 1- ( 2- t-bu ty 1 d i me thy 1 s i ly 1 oxy ethyl ) - 

indol^6-v n-bismUthine 

To a solution of l-C2-t-butyldimethyl- 
silyloxyethyl)-6"bromoindole (1.0 g.» 2.81 mmol.) -in 
ethyl ether (10 mL.) at -78^ C was added 
t-butyllithium (3.4 mL. , 5.8 mmol., 1.7M in pentane). 
After stirring for 10 min. a solution of BiCl3 (285 
mg., 0.9 mmol.) in THF (3 mL. ) was added. The 
reaction mixture was stirred for an additional 10 
min. at -78^ C then allowed to warm to rt overnight. 
The reaction mixture was partitioned between ice 
water and CH2CI2. The organic layer was washed with 
water, dried with Na2S04 and concentrated to a dark 
oil. Flash column chromatography (silica, 4:1 
hexane/acetone) afforded 630 mg. of the title 
compound as an dark oil (--60% pure) which was used 
without further purification in Example 41/the next 
step- 
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TiyAMPLE 41 

17-Ethyl-l . 14-dihydroxy-12-[2 • ^<4--(l-t-butyldimethyl- 
s i lyl03Eyethyliiidol-6-yl ) bxy-3"-inethoxycyclohexyl )-l ' - 
5 methylvinyl]-23 »25-dimethoxy-13 . 19 . 21 . 27-tetxamethyl- 
11 , 28-dios:a-4-azatricycloC22 . 3 . 1 . 0^ joctacos-18-ene- 

7,^,lO.I6-tetraone . ■ — — 

To a solution of triCl-<2-t-butyldimethyl- 
— s"riylO2yethyl)-indol-6-yl-3-bismuthine~<0T60 g.^ 

10 O.SSimnol.) in CH2CI2 (5niL. > at room temperature was 
added peracetic acid (0.080 mL. , 327. in acetic acid) 
followed in 15 minutes by 17-ethyl-l. 14-dihydroxy-12- 
- — -[-2 • -(4"^-hydro3y-3"-metho^cyclohe^l)-l '-methylvinyl]- 
23 , 25-dimeth03y-13 , 19, 21 ,27-tetramethyl-ll . 28-dioxa-4- 

15 azatricyclo [22 . 3 . 1 . 0* • ^ ] octacos-18-ene-2 .3.10. 16- 

tetraone (350 mg. , a.44imnQl.) and Cu(0Ac)2 C30 mg.)- 
The reaction mixture was stirred fot 20 hr. The 
reaction was then quenched with saturated NaHCOs and 
the mixture extracted with CH2CI2. The organic 

2° extracts were combined, dried over Na2S04, filtered, 
and concentrated in vacuo. The product was isolated 
and purified by preparative TLC on silica gel (3:1. 
hexane/acetone) to give 150 mg. of the title compound. 

25 - - 
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EXAMPLE 42 

17-Ethyl-l , 14-dihydroxy-12-[2 • -(4"-(l-hydroxyethyl- 
5 indol-6"yl)oxy-3"-methoxycyclohexyl)-l'-methylvinyl]- 
23 , 25-dimethpxy"13 ,19.21, 27-tetramethyl-ll , 28-dioxa-4- 
azatr icyclo[22 .3.1.0^ » 9]octacos-18-€ne-2 ,3,10, 16- 

tptraone 

— To a solution of 17-ethyl-l, 14-dihydroxy- 

12-[2 •-(4"-(l-t-butyldimethylsilyloxyethylindol-6-yl)- 
oxy-3"-methoxycyclohexyl)-l '-inethylvinyl]-23 ,25- 
dimethoxy-13 ,19,21, 27-tetrainethyl-ll , 28-dioxa-4- 
azat r icyclo [22 . 3 • 1 . 0^ » 9]octacos-18-ene-2 ,3,10, 16- 
tetraone (150 mg) in CH2CI2 mL.) at rt was added a 
solution of p-toluene sulfonic acid (20 mg.) in CH3OH 
(4 mL.). The reaction mixture was stirred for 2 hr., 
quenched with saturated NaHCOs, then extracted with 
CH2C12- The extracts were combined, dried over 
Na2S04, filtered and concentrated in vacuo* The 
product was purified by preparative TLC on silica gel 
(2:1, hexane/acetone) to give 55 mg of the title 
compound ^ 

Partial NMR <CDC1, 200 MHz) d: 7.47 (d, J=6 Hz, 
IH); 7.03 (d, J=3 Hz, IH); 6.94 (bs. IH); 6.82 (dd, 
25 j=l.5 Hz and J=6 Hz, IH) ; 6.41 (d,J=3 Hz, IH); 6.41 
(d. J=3 Hz, IH); 4.20 (t, J=5 Hz, 2H); 3.93 (t, J=5 
-Hz, 2H); 3,50 (s, 3H) . 



30 



wo 93/05058 



PCT/US92/07508 



- 216 - 



TO a solution of l-methyl-6-bromoindole 
5 (760 mg.. 3.6 mmol.) in ethyl ether (is mL.) at -78"C 
was added t-butyllithium (4.4 mL., 7.5 mmol., 1.7M in 
__pentane). After 10 min. a solution of BiClg (375 mg. , 

1.2 mmol.) in THF (4 mL.) was added and the cooling 
"bitfi~Te!nbvedV TKte-react ion-mixture stirred for 4 hr 
10 then poured into ice water and extracted with CH2CI2. 
The extracts were combined, backwashed with water, 
dried with Na2S04, filtered, and concentrated in 

vacuor-to-a. dark-oi-l-v-The-product-was crystallized 

from methanol to afford 290 mg. of the title compound 
as a tan solid. 



20 
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EXAMPLE 44 

17-Ethyl-l,14-dihydroxy-12-[2'-<4"-(l-methylindol-6- 
yl)oxy-3"-methoxycyclohexyl)-l '-methylvinyl]"23 . 25- 

5 d iinethoxy-13 » 19 , 21 , 27-tetramethyl-H , 28-dioxa-4-aza- 

tricvclor22 .3.1.0^ » 9loctacos-1 8-ene-2 .3.10 - 16-tetraQne 

To a solution of tri[l-inethylindol-6-yl]- 
bismuthine (200 mg., 0.33 mmol.) in CH2CI2 <2mL.) at 
room temperature-was-added peracetic- acid - (0 * 070 mL. , 
32% in acetic acid) followed in 15 minutes by 
17-ethyl-l , 14-dihydroxy-12-[2 •-<4"-hydrosy-3"-methoxy- 
cyclohexyl )-l ' -methylvinyl]-23 , 25-dimethoxy- 
13 . 19 » 21 , 27-tetramethyl-ll , 28-dioxa"4-a2atr icyclo- 
C22 . 3 • 1 . 0* » 9 ] octacos-18-ene-2 .3,10. 16-tet raone ( 150 
mg., 0.19 mmol.) and Cu(0Ac)2 (30 mg.). The reaction 
mixture was stirred for 4 days. The reaction was then 
quenched with saturated NaHCOs and the mixture 
extracted with CH2CI2. The organic extracts were 
combined, dried over Na2S04, filtered, and 
concentrated in vacuo . The product was isolated and 
purified by preparative TLC on silica gel (2:1. 
hexane/ acetone) to give 76 mg. of the title compound. 
Partial NMR (CDCl, 400 MHz) d: 7.44 (d, J=7Hz, 
IH); 6.91 (d, J=3Hz. IH) 6.88 (d. J=2Hz. IH); 6.81 

25 (m, IH); 6.37 (d. J=3 . IH); 3.68 (s. 3H); 3.51 (s. 
3H). 



30 



PCr/US92/07508 

WO 93/05058 



- 218 - 

TTAMPT.E 45 



17-Ethyl-1.14-dihydxoxy-i2-[2'-(4--<l-dibenzyl- 
phosphonozy-ethylindol-5-yl)o^-3"-metho3£ycyclohe3yl)- 

5 1 . -niethylvinyl]-23 , 25-dimetho^-13. 19 . 21 . 27-t€tra- 

methyl-11 .28-dioxa-4-azatricyclo[22 .3.1. o'^^^locta.coe- 

Ta a solution of 17-ethyl-l, 14-dihydroxy- 
12- E 2 ' - ( 4"- (l-hyd r oxye t-hy-U-ndol-^5=.yl ) oxy-3 "-me thoxy- 

10 cyclohexyD-l ' -methylvinyl]-23 , 25-diinethoxy- 

13 , 19 . 21 , 27-tetrainetliyl-ll . 28-dioxa-4-azatricyclo- 
[22 3.1.0*.93octacos-18-ene-2.3,10.16-tetiaone (202 

mgi -azeotroped-with-XolueneX in dry T^ y^s added 

dibenzyl phosphate <S8.6 mg) followed by 

15 triphenylphosphine (83.5 mg) . The reaction mixture 
was cooled down to O'C. then added diethyl 
azodicarboxylate C50 mL) . The reaction mixture was 
stirred at 0*C for 5 minutes, removed the ice bath, 
and stirxed at room temperature for 2h. The crude 

20 reaction mixture was loaded directly onto the silica 
gel column and purified (ethyl acetate :hexane (2:3) + 
1% MeOH) to give the title compound (197 mg) . 
Partial NMR (CDCl3)d: 7.29 (m. 6E) ; 7.18 (m, 5H) ; 
7 12 (d. J = 9HZ. IE); 7.0 (d. J = 4Hz. IH) ; 6.89 

25 (dd. J = 9. 2Hz. IH); 6.36 (d. J = 4Hz, IH); 4.82.(m. 
4H); 4.40 (brd, J = 14Hz, IE); 4.20 (m. 4B) . 
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Monopotassium salt of 17-Ethyl-l,lA-dihydroxy-12-[2 '- 
(4tf_(l_pl^osphonosy-ethylindol-5-yl)o3y-3"-methoxy- 
5 cyclohexyl)-l'-methylvinyl]-23,25-diinethoxy-13,19,- 
21 , 27-tetramethyl-ll , 28-dioxa-A-a2atricyclo[22 . 3 . - 

1 ■ 0^. 9ioctacos-18- pnP-2 . 3 . 10 . 16-tetraQne 

To a Bolution of 17-ethyl-l , 14-dihydroxy- 
1 2I ['2"^ ( 4"- < l-d iVenzyiphosphat e-ethyl indol-5-^ ) oacjr- 
10 3"_inethoxycyclohexyl )-l • -inethylvinyl]-23 , 25-diinethoxy- 
13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-azatricyclo- 
[ 22 . 3 . 1 . 0^ » 9 ] octacos-1 8-ene-2 ,3,10, 16-tetr acne < 197 
mg) in methanol (3.2 mL) was added potassium 
bicarbonate (16.3 mg) dissolved in water (200 mL). 
Added palladium hydroxide over carbon, then charged 
the reaction mixture with hydrogen via balloon. 
After the reaction was complete (10 min. by TLC 
analysis) , it was filtered over Celite and rinsed 
with methanol and small amount of water . The solvent 
2° was removed in vacuo, and the crude material was 

purified on HP-20 column to give the title compound 
(69 mg). 

Partial NMR (CD30D> d: 7.34 (d, J = 9Hz. IH) ; 
7.27 (d, J = 4Hz, IH); 7.12 (d, J= 2Hz, IH) ; 6.85 
25 (dd, J = 9, 2Hz, IH); 6.31 (d. J = 4H2, Ih) ; 5.23 (m, 
2H); 4.35 (m, 2H); 4.13 (m, 2H) . 
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EITAMPLE 47 

17-Ethyl-l , 14-dihydro3y-12-[2 • -(4"-<I-(N,N-diinethyl- 
glycylosy ) ethylindol-5-yl ) oxy-3"-meth03ycyclohexyl)- 
5 1 ■ -methyl viiiyll-23 . 25-dimeth03cy-13 ^19 21 , 27-tetra- 

methyl-11 , 28-dioxa-4-azatricyclo[22 . 3 . 1 . 0* » ^Joctacos- 

j »_PTiR-2./ ^ 1 0- Ifi-tetraone 

To a solution of 17-ethyl-l, 14-dihydxo2y- 
12-C2«-<-4''-Cl=hydro:^ethylindQl-5-yi)oxy-3"-inethoxir- 
1° cyclobexyl)-l ' -niethylviiiyl]-23 , 25-dilnethoa£y- 
13 , 19 »2l , 27-tetramethyl-ll , 28-dio3ca-4-azatr icyclo- 
[22 . 3 . 1 . 0* ♦ 9] octacoe-18-ene-2, 3 , 10 , 16-t etraone (26 . 6 

mg ) in dry methylene ^hlor id e <0.3 mL) was added 

hydrochloride salt of N.N-dimethylglycine (5.8 mg), 
15 (3,4 mg) and EDC (8 mg) , respectively at room 

temperature. The reaction mixture was stirred for 
4h, then diluted with ethyl acetate and washed with 
saturated sodium bicarbonate and brine. The organic 
layer was dried over magnesium sulfate, and the 
20 solvent was removed in vacuo. The crude material was 
purified by flash chromatography 
(l:2/acetone:hexane). to give 23mg of the title 
compound . 

Partial NMR (CDClj) d: 7.11 (m, 2H) ; 7.04 (d, J = 
25 4Hz, IH); 6.91 (dd, J = 9, 2Hz, IH) ; 6.49 (d, J = 

4Hz, IH); 4.41 (m, 2H); 4.32 (m, 2H) ; 3.07 (s, 3H) ; 
2.26 (s, 3H). 

30 
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f-TAMPLE 48 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(l-succinyloxy- 
ethylindol-5-yl)oxy-3"-metho3cycyclohexyl )-l • -methyl- 
5 vinyl] -23 .25-dimethoxy-13 , 19,21 , 27-tetramethyl-ll ,28- 
dioxa-4-azatr icyclo[22 .3.1.0^' 9]octacos-18-ene-2 ,3,10, 

•jft-tPtraone _ — 

To a solution of 17-ethyl-l , 14-dihydxo3Ey- 
12- r 2 ' - < 4"- ( 1-hydr oxy e thy lindol-5 -y 1) oxy-3 "-me thoxy- 

10 cyclohexyl)-l • -methylvinyll-23 , 25-diinetho3y- 

13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-a2atricyclo- 
[22 . 3 . 1 . 0* . 9] octacos-18-ene-2 ,3,10, 16-t et raone < 109 
— mg>— in- dty-methylene-Ghloride -was- added succinic 
anyhydride (11.5 mg) and triethyl amine (19 ml). 

15 -Added DMAP (7 mg) to the reaction mixture and 
followed the reaction by TLC. After 1.5h, the 
reaction mixture was diluted with ethyl acetate and 
adjusted to pH 4 with IN HCl. It was poured into the 
separatory funnel and the layers were separated. The 

20 aqueous layer was extracted with ethyl acetate, and 
the combined organic layer was washed with brine. It 
was dried over magnesium sulfate, and the crude 
material was purified by flash chromatography (3% 
methanol /CH2C-I2) to give 66 mg of the title compound. 

25 Partial NMR (CDCI3) d: 7.19 (m, 2H) ; 7.04 (d. J = 
4Hz, IH); 6.91 (dd, J = 9, 2Hz, IH) ; 6.39 (d, J = 
4Hz, IH): 4.32 (m, 4H) ; 2.49 (brs , 4H) . 

30 
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yrgAMPLE 49 

17-Ethyl-l , 14-dihydroxy-12-t2 • ^(4"-(l-methyl-3-phenyl- 
indol-5-yl )oxy-3"-inetlioxycyclohexyl )-l ' -methylvinyl]- 
23 ,25-dimetlio^-13 .19 .21 , 27-tetramethyl-ll » 28-dioxa-4- 
azat r icyclo C22 . 3 . 1 . 0^ . 9] octacos-18-ene-2 , 3 . 10 . 16- 

tf?t-raone _ ■ 

Sf ep- A: _ SwT^ r nmo-? -pji pti yl-i-S a t i n 



10 To a stirred mixture of S-bromoisatin 

(5g.. 22.1 iiimol., l.e^.) in dry THF <150 iiiL.> was 
added phenylmagnesium bromide (14.7 ml... 44.2 mmol.. 
2_eq., 3M solution in diethyl ether) (The addition of 
Grignard reagent was initiated at -78°C. The 

15 reaction mixture became" too viscous to stir af ter 
addition of approximately 5 mL. of the Grignard 
reagent. The cooling bath was removed and the 
remainder of the Grignard reagent was added by quick 
dropwise addition.). The reaction mixture was 

20 stirred overnight. Analysis by TLC showed a small 

amount of unreacted starting material. An additional 
1.5 mL. of the Grignard reagent was added and the 
reaction mixture was stirred an additional 6 hours. 
The reaction mixture was poured into a separatory 

25 funnel containing saturated aqUeous ammoniiim chloride 
and was extracted 4x with diethyl ether « The organic 
extracts were combined, dried over anhydrous llgS04, 
filtered and concentrated in vacuo. The product was 
carried on without further purification. 
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Step B : . 5-Bromo-3 -rVi*=>nvl indole 

To a stirred solution of 5-bromo-3- 
phenylisatin (6.39 g.. 21 mmol.. 1 eq.) in dry THF 
(50 ml,) at O^C was added lithium aluminum hydride 

^ (2.0g.. 52.5 mmol., 2.5 eq.) portionwise over 1.5 

hours. The cooling bath was removed and the reaction 
was allowed to stir overnight. The miacture was 
cooledTtcTO^C and carefully quenched with IN aqueous 
-HCl. The mixture_was_f ilter.ed through _C elite'" and 
the Celite'" was washed with THF. The filtrate was 
concentrated in vacuo, dissolved in EtOAc and washed 
with water. The organic layer was dried over 

anhydrous MgS04 , filt ered a nd c oncentrated in 

vacuo. 

15 

step C : S-hromo- T-mPthvl-S-TDhenvlindole 

To a stirred solution of 
5-bromo-3-phenyl indole (2.4 g., 8.78 mmol., 1 eq.) in 
dimethylf ormamide (20 mL.) was added NaH (422 mg. of 
20 a 60% dispersion in oil, 10.54 mmol., 1.2 eq.). The 
mixture was stirred 15 minutes. Methyl iodide (0.6 
ml, 9.66 mmol, 1.1 eq) was added via syringe and the 
reaction mixture was stirred 3 hours. The reaction 
_was quenched with water and extracted 4x with EtOAc . 
25 organic extracts were combined, dried over 

anhydrous MgS04, filtered and concentrated in vacuo 

The product was purified by flash column 
chromatography (2:1 hexanes /acetone) giving 1.63 g. 
5-bromo-l-methyl-3-phenylindole. 
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To a stirred solution of 5-l>romo-l- 
niethyl-3-phenylindole (1.63 g. , 5.7 nunol... 1 eq.) in 
Et20 (35 mL.) at -78PC under N2 atmoisphere was added 
5 t-buLi (6.7 mL. of a 1.7M solution in hexanes. 11.4 
nunol., 2 eq.) dropwise via syringe. The reaction was 
stirred 10 minutes at -780C. To this mixture was 
added a solution of BiClg (540 mg.. 1.71 mmol.. 0.3 
^=BqT^ -in -mE-O-mL,} di^pwise quickly. The reaction 
10 was stirred 10 minutes at -780C and the cooling bath 
was removed and the mixture allowed to warm to room 
temperature. After 3 hours the mixture was poured 
into a separatory funnel containing water and 
extracted 4x with CH2CI2. The organic extracts were 
15 combined, dried over anhydrous Na2S04. filtered and 
concentrated an vacuo. The residue was triturated 
with Et20 and the solids collected and washed with 
Et20 giving 710 mg of 

Tri(l-methyl-3-phenylindol-5-yl)bismuthine. 



20 



25 



30 



PCr/US92/07508 



r- 225 - 

17^Ethyl-l , 14-dihydro3cy-12-[2 ' -(4"-(l- 
inethyl-3-phenylindol-5-yl)oxy-3"-inethoxy- 
cyclohexyD-l •-methyl vinyl] -23 ,25-dimeth03cy 
-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4- 
azatricyclo[22 .3.1.0^ . ^joctacos-lB-ene- 

?,^.10.16-tetraone _ 

To a stirred solution of tri(l-inethyl-3- 
phenylindol-5-yl)bisinuthine (645 mg. , 0.78 mmol., 1.2 
_e.q._> i^iCH2ei2 jCip-mLT) and -THF C3-mL. ) was added 
^° peracetic acid (0.514 mL. of a 32% solution in dilute 
acetic acid, 0.858 mmol., 1.3 eq.). The mixture was 
stirred 5 minutes and 17-ethyl-l,14-dihydroxy-12-[2'- 
(4"-hydroxy-3"-methoxycyclohexyl)-l • -methylvinyl3- 
23 , 25-dimethoxy-13 ,19,21. 27-tetramethyl-ll , 28-d ioxa-4- 
^5 azatricyclo[22.3.1.0^'^3octacos-18-ene-2,3,10,16- 
tetraone <514 mg., 0.65 mmol.-, 1 eq.) was added. 
Cu(0Ac)2 <12 mg., 0.065 mmol., 0.1 eq) was added. 
The flask was capped and the mixture stirred. After 
48 hours the reaction was quenched with saturated 
2° aqueous NaHC03 and extracted 4x with CH2CI2. The 

organic extracts were combined, dried over anhydrous 
Na2S04, filtered and concentrated in vacuo. The 
product was purified by flash column chromatography 
on silica gel (2:1 hexanes/acetone) and again (3.5% 
25 CH3OH/CH2CI2) giving 78 mg 17-ethyl-l , 14-dihydroxy-12- 
[2«-(4"-(l-methyl-3-phenylindol-5-yl)oxy-3"-methoxy- 
cyciohexyl )-l ' -methylvinyl]-23 , 25-dimethoay- 
13,19,21, 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 
[22 . 3 , 1 . 0^ . 9]octacos-18-ene-2 ,3,10 , 16-tetraone . 
30 Mass (FAB) 1003 (M++Li); 996 (M+). 

Partial NMR (CDCI3, 400MHz) d: 7.59 (d, J=7Hz, 
2H): 7.50. (m, IH); 7.41 (t, J=7Hz, 2H) ; 7.25-7.15 (m, 
3H); 6.99 (dd. J=9Hz, J=2Hz, IH) ; 4.57 (d, J=6Hz, 
IH); 4.39 (bd. J=13 Hz, IH) ; 3.78 (s, 3H) . 
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p^TAMPU; 50 

17-Ethyl-1.14-dihydroxjr-12-[2'-(4"-(l-methyl-3-<2- 
hydroxyethyl>indol-5-yl)oxy-3--inethoxycyclohexyl)-l'- 
5 methylvinyl] -23 . 25-dime tho^gr-lS .19.21. 27-tet r amethyl- 
11 . 28-dioxa-4-azatr icycloC22 . 3 .1.0*. 9]octaco8-18-ene- 

9 , ^■^0,16 -^^p^-^aone '■ 

«;-i.p.p A : i^.v,TnmQ~'i ->\yAT.nTrv^i-\\vlMQl9 

10 To a stirred solution of 

5-broinoindole-3-acetic atid (1.9g.. 7.48 mmol.. 1 
eg.) in dry THF (17 mL.> at Q^C was added lithium 

aluminum- hydride-C57:0-mg. 14.96 mmol., 2 eg.) 

portionwise over 30 minutes. The reaction mixture 

15 coagulated. THF (20 mL.) was added and the cooling 
bath was removed. The mixture was stirred 
vigorously. Let stir overnight. The reaction 
mixture was carefully quenched with IN aqueous HCl 
and then acidified with 2N aqueous HCl. The mixture 

20 was filtered through Celite" and the Celite™ was 

washed with THF. The filtrate was concentrated in 
vacuo, dissolved in EtOAc. and washed with water. 
The organic layer was dried over anhydrous MgS04, 
filtered and concentrated in vacuo. TLC analysis of 

25 the residue showed unreacted starting material. The 
residue was dissolved in EtzO and extracted with 
0.25N aqueous NaOH. The organic layer was dried over 
anhydrous MgS04. filtered and concentrated in vacuo 
giving 1.16g 5-bromo-3-hydroxyethylindole . 
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step B ; 5-Br omo-3- ( 2-t-butyld imethyl s i lyloxy ) ethyl- 

itidole , 

To a stirred solution of 
5-bromo-3-hydroxyethyl indole (1 . 16g- , ' 4. 83 mmol., 1 
5 eq.) in CH2CI2 (12inL. ) was added triethyl amine 

(l.OmL., 7.25 mmol.. l.Seq.) followed by addition of 
t"butyldimethylchlorosilane (875ing.. 1.2mmol., 
1.2eq. ) and dimethylaminopyr idine( catalytic ) . The 
-mixture was stirred overnight , poured into a 
10 separatory funnel containing water and extracted 4x 
with CH2CI2. The organic extracts were combined, 
dried over anhydrous Na2S04, filtered and 
concentrated in vacuo giving l-66g. 5-bromo-3-(2- 
t-butyldimethylsilyloxy)ethylindole. 

15 

Sten C : 5-Br omo-l-methyl-3- ( 2-t-buty Id imethyl s i lyl- 

o:gy^ ethv l indole — 1. 

To a stirred solution of 5-bromo-3-(2- 
t-butyldimethylsilyloxy)ethylindole (1.66g,, 

20 4.66mmol., leq.) in DMF (15mL.) was added NaH (225mg. 
of a 60% dispersion in oil, 5.6mmol*, 1.2eq.>. After 
15 minutes iodomethane <0*320mL., 5,13mmol*, l.leq-) 
was added. The mixture was stirred 4 hours and then 
poured into a separatory funnel containing water and 

2^ extracted 2x with EtOAc. The organic extracts were 
combined, dried over anhydrous MgS04, filtered and 
concentrated- in vacuo giving 1.49g. S-bromo-l-methyl- 
3- ( 2-t-butyld ime thyls i lyloxy ) ethyl indole . 
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Tri(l-inethyl-3-(2-t-butyldiinetliylBilyloxy)- 

ot^' Y'' ^ ndp i -"^-vl Vbi smuthine 

TO a stirred solution of 5-bromo-l-methyl- 
3-(2-t-butyldimethylsilyloxy)etbylindole (1.49g. . 
5 4.03mn.ol.. l^gO in Et^O <15mL.> at -78 C ^nder 

nitrogen atmosphere was added t-butyllithxum (4 8e.L. 
___of a 1.7M solution in pentanes, 8 . oemmol . . 2eq.) 

dropwise via syringe. The mixture was stirred 10 
- -minutes at---78-C-and-then-a-solution of B1CI3 
10 (381mg.. 1.21mmol.. 0.3eq.) in THF (5mL.) was added 
guickly dropwise via syringe. The mixture was 
stirred for 7 minutes at -78'c under nitrogen. The 

cooling bat-h-was-removed and the mixture was allowed 

to warm to room temperature. After 1 hour the 
15 mixture was poured into a separatory funnel 

containing water and extracted 4x with CH^Clz- The 
organic extracts were combined, dried over anhydrous 
Na,S04. filtered and concentrated in vacuo giving 554 
mg crude product. NMR analysis of the residue 
20 indicates mixture of aproximately 2:1 of the desired 
bismuthine to reduced indole. Used the mixture crude 
in. subsequent reaction. 

-Sten^:^ -17-Ethyl-.l . 14-dihydroxy-12-C2 • -(4"-(l- 

25 -r___ methyl-3-(2-t-butyldimethylsilyloxyethyl)- 

indol-5-yl)oxy-3"-methoxycyclohexyl)-l ' - 
methylvinyl]-23 , 25-dimethoxy-13 . 19, 21 . 27- 
tetramethyl-11. 28-dioxa-4-azatricycloC22 . 3 . 

j _jr^4 . 9-1 ^^^ p R — - - 10 . 1 fi-tetgaone 
30 TO a stirred solution of tri<l-inethyl-3-<2- 

t-butyldimethylsilyloxy)ethylindol-5.yl)bismuthine 

(554 mg. crude ) in CH2CI2 (10 mL.) and THF <3 mL.) 
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was added peracetic acid (0.120mL. of a 32% solution 
in dilute acetic acid, 0.571 mmol.)- To this mixture 
was added 17-ethyl-1.14-dihydro3£y-12-C2'-(4"-hydroxy- 
3"-methoxycyclohexyl)-l ' -methylvinyl]-23 , 25-diinethoxy- 

5 13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0^ • 9]octacoB-18-ene-2 ,3,10, 16-tetraone 
(3A7mg., 0.439imnol.) followed by addition of Cu(0Ac)2 
(24mg . , 0 . ISmmol . ) . ~THe~reaction~ini3Eture was allowed 
— t"©" sti'r-overhightT- The mixture was poured into a 
separatory funnel containing saturated aqueous NaHC03 
and extracted 4x with CH2CI2. The organic extracts 
were combined, dried over anhydrous Na2S04, filtered 
and concentrated in vacuo. The product was purified 
by flash column chromatography on silica gel (2:1 

15 hexanes /acetone) giving 200mg. 17-ethyl-l , 14- 

dihydroxy-12-[2«-<4"-(l-methyl-3-(2-t-butyldimethyl- 
silyloxyethyl)indol-5-yl)oxy-3"-metho:^cyclohexyl)-l • - 
methylvinyl]-23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl- 
11 , 28-dioxa-4-azatricyclo[22 .3.1.0^ » 9]octacos-18-ene- 

^° 2, 3, 10, 16-tetraone as a brown oil. 

<;tep F : 17-Ethyl-l , 14-dihyd r oxy-12- [2«-(4"-<l- 

methyl-3-( 2-hydroxyethyl ) indol-5-yl )oxy-3"- 
methoxycyclohexyl)-l • -methylvinyl]-23 ,25- 
25 dimethoxy-13, 19,21, 27-tetramethyl-ll, 28- 

dioxa-4-azatricyclo[22 .3 . 1 . 0* » 9]octacos-18- 

ene-2 .3.1 0-1 fi--fcetraone 

To a Stirred solution of 17-ethyl-l , 14- 
dihyd r oxy-12- [2 • - ( 4' •- ( 1-me thyl-3- ( 2-t-butyld imet hyl s il 
30 yioxyethyl)indol-5-yl)oxy-3"-methoxycyclohexyl)-l • -met 
hylvinyl]-23 , 25-diinethoxy-13 ,19,21, 27-tetramethyl-ll , 2 
8-dioxa-4-azatricyclo[22 .3.1. 0^ • 9]octacos-18-ene-2, 3 , 1 
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0.16-tetraone (ZOOmg.) in CH2CI2 (6mL.) and CH3OH 
(6inL.) was added p-toluenesulf onic acid monohydrate 
(30mg. ). The reaction mixture was allowed to stir 3 
hours. The reaction was quenched with saturated 

5 agueous NaHCO^ and extracted 4x with CH2CI2. The 

organic extracts were combined, dried over anhydrous 
Na2S04, filtered and concentrated in vacuo. The 
product was purified by preparative TLC on silica gel 
(1:1 hexanes/acetone) -and again_(7% CH3OH/CH2CI2) 

10 giving 75 mg. 17-ethyl-i.i4-dihydroxy-12-[2'-<4"-' 

( l-methyl-3- ( 2-hydr oxyethyl ) indol-5-yl ) oxy-3 "-methoxy- 
cyclohexyD-l • -methylvinyl3-23 , 25-dimethoxy- 

1-3,-1-9,-2 1 ,-27-=tetr amethy 1-11 , 2S-d i oxa-4-azat r i cydo- 

[22 .3 . 1 . 93octacos-18-ene-2 ,3, 10 , 16-tetraone. 

15 Mass (FAB) 972 (IT^+Li). 

Partial HMR (CDCI3. 400 MHz) d: 7.17-7.13 (m. 
2H); 6.94 (dd. J=9Hz. J=2Hz. IS): 6.88 (s, IH) ; 4.58 
(d, J-6HZ. IH); 4.39 (bdV J=13H2, IH); 3.84 (t, 
J=6Hz. 2H): 3.70 (s, 3H) ; 2.94 (t, J=7H2. 2H) . 
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EXAMPLE 51 



17"Ethyl-l . 14-dihydroxy-12- [2 • -(4"-(l , 3-dimethylindol- 
5-yl)oxy-3"-methoxycyclohexyl)-l •-methylvinyl]-23 ,25- 
dimethoxy-13 ,19,21, 27-tetramethyl-ll . 28-dioxa-4-a2a- 
f ri cvclor22 .3.1.0^ > 9t oci:aco fl-18-ene-2\ 3.10. 16-tetraone 

<;tep A : 5-BrQmo-3 -mPt.hvlindol€ - 

^ ^ ^-TotE St ixr ed~mixture~of ^-brGmoi satin 

(5g., 22.1 mmol*, 1 eq.) in dry TEF (150 juL. ) was 
added methylmagnesium bromide (32 mL. of a 1.411 
solution in toluene, 44.2 mmol., 2 eq.> dropwise via 
syringe. After 45 minutes TLC analysis showed small 
amount of unreacted bromoisatin. Added 3\2 mL. of 
methylmagnesium bromide solution • Let stir 1 hour. 
-Cooled reaction mixture to- OPC. Added lithium 
aluminum hydride, (1.26g., 33.15 mmol., 1.5 eq.) 
portionwise. Let stir 30 minutes at O^C. Removed 
cooling bath and let stir overnight. Cooled mixture 
to O^C and carefully quenched reaction with IN 
aqueous HCl. Acidified with 2N aqueous HCl . Removed 
cooling bath. Let stir for 3 hours, riltered 
mixture through Celite"*. Washed Celite"" with THF. 
Concentrated filtrate in vacuo. Diluted residue with 
water and extracted 4x with CH2CI2. The organic 
extracts were combined, dried over anhydrous Na2S04, 
filtered and concentrated in vacuo. Loaded residue 
onto a silica gel plug" in a fritted filter and eluted 
with 4:1 hexanes/acetone. Collected fractions 
containing the desired product and concentrated in 
vacuo giving 2.85g. 5-bromo-3"methyl indole . 
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St ep B ; ■^--Rrnmo-l , ?->^4nf t^^Y^ i^idole 

To a stirred solution of 
5-bromo-3-methylindole (2.85g.. 13.6 mmol,, leg.) in 
DMF (35 mL. ) was added NaH (651 mg . of a 60% 
dispersion in oil. 16.28 iimiol.» 1.2 eg.). The 
mixture was stirred 15 minutes. To this mixture was 
added iodomethane (0.930 mL., 14.93 mmol., 1.1 eg..). 
The mixture was stirred for 2 hours." The DMF was 

removed - in -vacuo ^The- residue, wasz diluted -with water 

and extracted 4x with Et20. The organic extracts 
were combined, dried over anhydrous MgSO^, filtered 
and concentrated in vacuo giving 3.04g. 
5^bromo=l,3-dimethylindole as a reddish liguid. 

15 step C ; TT-i n ■3-di'niPthvlin «Tft1--^-vl'>hisinuthine 
To a stirred solution of 
5-bromo-l,3-dimethylindole (3. 04g... 13.57 mmol. , 1 
eg.) in Et20 (50 mL.) at -780C under nitrogen 
atmosphere was added t-butyllithium (16 mL. of a 1.7M 
20 solution in hexanes, 27.2 mmol.. 2 eg.) dropwise via 
syringe. The mixture was stirred for 10 minutes at 
-780C. To the reaction was added a solution of BiCls 
C1.28g.. 4.07mmol., 0.3 eg.) in THF (17 mL.) guickly 
dropwise via syringe. The mixture was stirred 5 
25 minutes at -780C. The cooling bath was removed and 
the reaction was allowed to warm to room 
temperature. The reaction mixture was poured into a 
separatory funnel containing ice water and extracted 
4x with CH2CI2- The organic extracts were combined, 
dfcied over anhydrous Na2S04, filtered and 
concentrated in vacuo. The residue was triturated 



30 



wd93/05058 



PCr/US92/07508 



233 - 

with Et2p. The solids were filtered off. The 
filtrate was concentrated in vacuo, giving 1.28g, 
brown oil. NMR analysis of the residue indicates 
material is a mixture of approximately 1:2 desired 
5 tr i (1 , 3-dimethylindol-5-yl )bismuthine : 

dimethylindole. Material was used crude in 
subsequent Step D. 

Step D : ^17-Ethyl-l rl4-dihydro3cy-12- [2 J--<4i!-( 1 . 3-di- 
10 methylindol-5-yl)oxy-3"^methoxycyclohexyl)- 

1 • -methylvinyl]-23 , 25-dimethoxy-13 . 19 ,21 
27-tetramethyl-ll,28-dioxa-4-azatricyclo[22 
.3.1.0^*91 nctacos-3 8-ene-2 ,3.10.1 6-t et raone 
To a stirred solution of tri(l»3-dimethyl- 
^5 indol-5--yl)bismuthine (approximately 420 mg. [based on 
- 1.28 g- of material containing one third bismuthine, 
.7 mmol., 1.2 eq.) in CH2CI2 (12 mL.) and THF (4 mL. ) 
was added peracetic acid (0.193 mL. of a 32% solution 
in acetic acid, 0.916 mmol., 1.3 eq.). To this 
20 mixture was added 17-ethyl-l,14-dihydroxy-12- 

[2 ' ^(4"-hydroxy-3"-methoxycyclohexyl)-l ' -methylvinyl]- 
23 ,25-dimethoxy-13 . 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4" 
azatr icycloi:22 , 3 . 1 . 0* • 9] octacos-18-ene-2 ,3,10 ,16- 
tetraone (464 mg., 0.59 mmol., 1 eq.) followed by 
25 addition of Cu(0Ac)2 (30mg., 0.176 mmol., 0.3 eq.). 
The mixture was stirred 4 days. The reaction was 
quenched with saturated aqueous NaECO^ and extracted 
4x with CH2CI2. The organic extracts were combined, 
dried over anhydrous Na2S04t filtered and 
30 concentrated in vacuo. The product was purified by 
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flash column chromatography (2:1 hexanes/acetone) - and 
again (3.5% CH3OH/CH2CI2) followed by preparative TLC 
(eluted 6x with 4:1 hexanes/ acetone) giving 117 mg. 
of 17-ethyl-l , 14-dihydroxy-12-[2 ' -(4"-(l . 3-dimethyl- 
5 indol-5-yl)oxy-3"-methoxycyclohexyl)-l • -me thyl vinyl ]- 
23 . 25-dimethoxy-13 . 19, 21 . 27-tetramethyl-ll . 28-dioxa-4- 
azitr icyclo [22 . 3 . 1 . 0* • 93octacos-18-ene-2 ,3,10 , 16- 

t etraone. 

lMass~ :rABy 934 (M*). 
10 Partial NMR (CDCI3. 400 MHz) d: 7.14-7.10 (m, 2H) ; 

6.91 (dd. J=9Hz. J=2Hz, IE); 6.76 <S. IH) ; 4.57 (d, 

j=6Hz. IH); 4.39 (bd, J=13Hz. IH) ; 3.66 (s. 3H); 2-24 
(sT"3H). 

15 7!;yAMPLE 52 

17-Ethyl-l. 14-dihydroxy-12-C2 •-(4"-i:i-benzylindol-5- 
yl)oxy-3"-hydroxycyclohe3yl)-l • -methylvinyl]-23 , 25-di- 
methoxy-13 a9. 21. 27-tetramethyl-ll . 28-dioxa-4-azatri- 

20 ^ yrTnr22.3.T n4. 9iorta r^«-i fi-ene-? ^ 1 0 ■ 1 6-tetr^one 

TO a stirred solution of tri(l-benzylindol- 
5_yl)bismuthine (1.28g. 1.54 mmol. , 1.2eq.) in 
CH2Ca2 ^9 mL.) and THF (3 mL. ) was added peracetic 
— acid-(0.357 mL. of a 32% solution in dilute acetic 

25 acid, 1.69 mmol.. 1.3 eq.). To this mixture was 

added 17-ethyl-l. 14-dihydroxy-12-[2'-(3-,4"-dihydroxy- 

cyclohexyl)-l ' -methylvinyll-23 , 25-dimethoxy- 

13 , 19 ,21. 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 

[22.3.1.0^' 9] octacos-18-ene-2 .3.10, 16-t etraone ( Ig . , 
30 1.28 mmol., 1 eq.) followed by addition of Cu(0Ac)2 
(23 mg.). The mixture was stirred 2 days. The 
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reaction was quenched with saturated aqueous NaHC03 
and extracted 4x with CH2C12- The organic extracts 
were combined, dried over anhydrous Na2S04, filtered 
and concentrated in vacuo. The product was purified 
by flash column chromatography on silica gel (2:1 
hexanes/acetone) and again (3.5% CH3OH/CH2CI2 ) and 
again (2:1 hexanes/acetone) giving 253 mg. 
17-ethyl-l,14-dihydroxy-12-[2'-<4"-(l-benzylindol-S-yl 
-)'oacy-3"-hydro^rcycl6hexyrr)-r^ , 25-dimet 

hoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo 
[22 . 3 . 1 . 0* ' 9]octacos-18-ene-2 ,3,10, 16-tetraone . 
Mass (FAB) 990(M++Li).. 

Partial NMR (CDCI3, 400MHz) : 7.30-7.05 (m, 8H) ; 
6.82 (dd, J=2Hz, J=8H2, IH) ; 6.43 (d, J=3Hz, IH) ; 
5.27 (S, 2H); 4.58 (d, J=6H2, IH); 4.40 (bd, J=13 Hz, 
IH). 

KtStAMPLE 53 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(l-(3-hydroxy- 
propyl ) indol-6-yl ) oxy-3 "-metho^cydohexyl )-l • - 
methylvinyl]-23 , 25-dimetho^-13 , 19 , 21 , 27-tetramethyl- 
ll , 28-dioxa-4-azat ricycloE22 . 3 . 1 . 0* » 9]octacos-18-ene- 
7 -^.10. 16-tetraone 

Step A! 2-t-Bu tv3 H i methvl s i Ivloscvethvl bromi de 
To a solution of 2-bromoethanol (50 g, 
O.W mol) in CH2CI2 <50 mL) was added 
t-butyldimethylchlorosilaiie (63.4 g, 0.42 mol), 
triethylamine (45.4 g, 0.45 mol) and 
dimethylaminopyridine (0.5 g). Afte.r stirring 
overnight the reaction mixture was washed 3X with 
water. The organic fraction was dried with Na2SG4, 
filtered, and concentrated in vacuo to provide 85 g 
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of the title compound as a light yellow oil. 

1h NMR (CDCI3) 5: 3.85 (t. 2R>1 3.36 (t. 2H) ; 0.86 

<s, 9H); 0.05 (s, 6H>. 

5 £±£PL_a: l-<2-Butyldimethylsilyloxyethyl)-5- 

^romoin dole '■ 

To a slurry of sodium hydride (12 g, 0.3 
mol. 607/dispersion in oil) in DMF (200 mL) was added 
dropwise a solution of 5-bromoindole (50 £, 0.255 

10 mol) in DMF (300 mL) . After stirring fox 15 minutes 
2-t-butyldimethylsilyloxyethyl bromide (60 g^ 0.255 
mol, neat) was added dropwise and the reaction 
mixture stirred for 1 hour. The reaction mixture was 
partitioned between ice water and ethyl ether. The 

15 organic fraction was wa_shed with water, dried over 
Na2S04, filtered and concentrated in vacuo . The 
product was purified by column chroniatography 
(silica, 3:1 hexane/ acetone) to give 68.6 g of the 
title compound as a light yellow oil. 

20 1h NMR (CDCI3) S: 7.72 (s. IE); 7.1-7.3 (m, 3H>; 6.4 
(d. IH); 4.18 (t, 2H): 3.86 (t. 2H); 0.8 (s. 9H) ; 
-0.18 (s, 6H). 

£t£E_£: . 17-Ethyl-1.14-dihydro3cy-12^'-(4"-(l-(3-t- 
25 . butyldimethylsilyloxypropyl)indol-6-yl)oxy- 

3"-methoxycyclohexyl)-l'-methylvinyl]-23,- 

^ " " 25-dimethoxy-13,19,21,27-tetramethyl-ll,28- 
dioza-4-azatricyclo t 22 , 3 . 1 . 0* oct acos-18- 

Pn«.-7, .3.10 ,1 ft--hetraone 



30 To a solution of tri Cl-(3-t-butyldimethyl- 

silyl03cypropyl)-indol-6-yllbiBmuthine (0.917 gm, 
crude)' in CE2C12 (7 mL) at room temperature was added 
peracetic acid (0.10 mL. 32%. in acetic acid) followed 
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in 15 minutes by 17-Ethyl-l,14-dihydro3y-12-[2'-(4"- 
hydroxy-3"-inethoxycyclohexyl)-l •methylvinyl]-23 ,25- 
diinethoxy-13 , 19 , 21 , 27-tetrajnethyl-ll , 28-dioxa-4-aza- 
tr icyclo[22 . 3 . 1 . 0^ • 9]octaco8-18-ene-2 ,3,10, 16- 
tetraone (500 mg,. 0.63 mmol) and Cu(0Ac)2 C50 mg). 
The reaction mixture was stirred for 2 days. The 
reaction was then quenched with saturated NaHCOs and 
the mixture extracted with CH2CI2. The organic 
extracts -were-combined ,-dried-over_Na2S04, filtered , 
and concentrated in vacuo . The product was isolated 
and purified by preparative TLC on silica gel 
(3:l,hexane/acetone) to give 318 mg of the title 
compound. 

step D : 17-Ethyl-l , 14-dihydroxy-12-[2 • -(4"-(l- 
( 3-hyd roxyp r opyl ) indol-6-y 1 ) oxy-3 
methoxycyclohexyl)-!' -methyl vinyl]-23 
25-dimetho^-13 , 19 ,21 , 27-tetramethyl-ll , 
28-dioxa-4-azatricyclo[22, 3 . 1. ^Boctacos- 

1 fl-pne..2 ■ ■ 1 0 . 1 6-t et raone 

To a solution of 17-Ethyl-l, 14-dihydroxy- 
12- [ 2 • - < 4"- ( l-( 3-t-butyldimethyl si lyloxypr opyl ) indol- 
6-yl)oxy-3"-methoxycyclohe^l)-l •-methylvinyl]-23 ,25- 
dimethoxy-13 . 19 , 21 . 27-tetramethyl-ll , 28-dioxa-4-aza- 
tr icycloC22 . 3 . 1 . ol!_5]o.ctacos-18-ene-2 ,3,10, 16-tetra- 
one (318 mg) in CH2Cl2'(5 mL) at rt-was added a 
solution of p-toluene sulfonic acid (25 mg) in CH3OH 
(5 mL). The reaction mixture was stirred for 3 hours 
quenched with saturated VfaECOj, then extracted with 
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CH2CI2. The extracts were combined, dried over 
Na,S04. filtered and concentrated in vaCttO . The 
product was purified by preparative TLC on silica gel 
(2:l,hexane/acetone) to give 190 mg of the title 
compound • 

partial IH NMR (CDCI3. 200 MHz) 5: 7.43 (d. J=9 Hz. 
IH); 7.02 Cd. J=2 Hz, IH); 6.98 (d. J»3 Hz, IH) ; 6.78 
(dd. J=2 HZ and J=9 Hz. IH) : 6.38 <d. J=3 Hz. IH); 

-4r2-0-Ct-. -J=6T5-Hz-,-2H) r-2vOO- (m ,--2H) . 

7.yAMPU; 54 



17=-Ethyl-1.14-dihyd:roxy-12-C2.-(4"-«2' • • '-O" • • •- 

diethylaininopropionyloxy>ethyl)indol-5" - -yDoxy-a"- 

15 methoxycydohexyD-l • -methylvinyl3-23 . 25-diinethoxy- 
13 , 19 ,21 . 27-tetrainethyl-ll . 28-dioxa-4-azatr icydo- 

p7 ^.1 .o4.9i^ri-flroe- f«-'=-n*»-2.3 10 16-tetraQne 

To a stirred, soliition of 17-EthyI-l . 14- 
dihydroxy-12-[2'-(4"-<l' » •-(2- • • • -hydroxy ethyl )indol- 

20 5 . . . _yi)oxy-3"-inethoxycyclohexyl)-l • -methylvinyl] - 

23 , 25-dimethoxy-13 . 19 .21 , 27-tetramethyl-ll . 28-dioxa-4- 
azatricyclo-C22 . 3 . 1.0*. 9] octacos-18-ene-2 , 3 .10 , 16- 
tetraone (200mg.. 0.210 mmol-.l eq.) in CH2CI2 (2 
— mL.) under- nitrogen was added 3-N.N-diethylamino- 

25 propionic-acid- hydrochloride (57 mg.. 0.315 mmol., 

1.5 eq.). dimethylaminopyridine (26 mg.:, 0.210 mmol.. 
1 eq . ) and EDC (60 mg. . 0 .315 mmol . * l^S' eq. ) . The 
reaction was stirred for 1 hour. The mixture was 
diluted with ethyl acetate, washed with IN aq. HCl. 

30 saturated aqueous NaHCOg and then brine. The organic 
layer was dried over anhydrous MgSO^. filtered and 
concentrated in vacuo. The product was purified by 
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flash cblumn chromatography (3:2 hexanes /acetone) to 
give 194 mg. 17-Ethyl-l,14-dihydroxy-12-C2'-<4"- 
((2' • • '-(3' ' ' ' •-diethylaminopropionyloxy)ethyl)indol- 
5« • i_yl)o3Qr-3"-inethosycyclobexyl)-l'-methylvinyl]-23, 
25-diinethoxy-13 , 19 , 21, 27-tetrainethyl-ll . 28-dioxa-4- 
azatr icyclo [22 .3,1.0^' 9]octacos-18-ene-2 ,3,10,16- 
tetraone. Mass (FAB) 1079 (M++ 1). 

. TnrAT4PIJ!- 55 ; 



10 



I I I I I _ 



17-Ethyl-1.14-dihydroxy-12-[2'-(4"-<(2' ' •'-<3 
d imethylaminopr op i onyloxy ) ethyl ) indol-5 • " -y 1 ) oxy-3 
- — methoxycyclohexyl)-l'-methylvinyl]-23,25-dilnethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatr icyclo- 
15 r 9? ^ . 3 ■ . 9i octacoa-1 8-ene- ? - - 1 0 . 16-tetraone 

The title compound is prepared in the 
manner of Example 54 employing 3-N,N-dimethyl amino- 
propionic acid. 

20 -mAMPLE 56 

17-Ethyl-l,14-dihydroxy-12-C2«-(4"-((2' • ' '-(3" • • •- 
aminopropionyloxy)ethyl)indol-5' • '-yl)oxy-3"- 
methoxycyclohexyl )-l • -methylvinyl]-23 , 25-dimethoxy- 
25 13 , 19 ,21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
[77^,1.0^. 9iorVaroB-18- PTiP-? .3.10. 16-tetraQne 

The title compound is prepared in the 
manner of Example 54 employing 3-aminopropionic acid 
in suitably protected form followed by deprotection 
of the amino group. 
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F,YAm>I^ 57. 

17-Ethyl-1.14-dihydroxy-12-[Z'-(4"-«2' • • '-^ ' " ' 
benzyloxycarbonyl-2' ' •-benzyloxycarbonylamino- 

5 propionylo3cy)ethyl)indol-5 • • .-yl)oxy-3"-lnethoxycyclo- 
hexyl>-l •-methylviiiyl]-23 .25-diiiiethoxy-13 . 19 .21.27- 
tetramethyl-ll . 28-dioxa-4-a2atricycIoC22 .3.1.0 ' J- 

^ ^f»rnR-18 -^n(>-7-.3..10 T6-tetraone _ ; 

To a -stirred solTit ion of 17-Ethyl-l , 14- 

10 dihydroxy-12-[2«-(4"-(l' ' •-(2' • • • -hydroxy ethyl )indol- 
5. . i^yi)oxy-3"-inethoxycyclohe3tyl)-l'-n»ethylvinylJ-23. 
25-diiiiethoxy-13.19r21,27-tetxainethyl-11.28-dioxa-4- 

_aaatricy€^lo-t22.3-.1.0^'^]octacos-18-ene-2.3. 10.16- 

tetraone (500mg., 0.526 mmol., 1 eg..) in CH2CI2 <5 

15 ^niL.) -under nitrogen was added K-Cbz-aspartic acid 
-p-benzyl ester (225 mg., 0.631 mmol., 1.2 eg.), 
dimethyl-aminopyridine (64 mg. . 0.526 mmol.. 1 eq.) 
and EDC (120 mg. , 0.631 mmol.. 1.2 eq.). The 
reaction was stirred for 2 hours. TLC analysis 

20 indicated reaction complete. The mixture was diluted 
with ethyl acetate, washed with IN aq. HCl, saturated 
aqueous NaHCOg and then brine. The organic layer was 
dried over anhydrous MgS04. filtered and concentrated 
in vacuo^- -The-product-was purified by flash column 

25 chromatography (70:30 hexanes /acetone) to give 687 mg 
17-Ethyl-.1.14^dihyidroxy-12-C2'-(4"-((2' • • 
(3.1. . .-benzyloxycar bony 1-2' ' ' • • -benzyloxycarbonyl- 
aminopropionyloxy)ethyl)indol-5' ■ .-yl)o3cy-3"-methoxy- 
cyclohexyl )-l • -methylvinyl]-23 . 25-dimethoxy-13 , 19 ,21 . 

30 27-tetramethyl-ll,28-dioxa-4-azatricycloC22.3.1.0 ' ]- 
octacos-18-ene-2. 3 , 10, 16-tetraone . 
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F.yAWPLE 58 

17-Ethyl-1.14-dihydroaEy-12-C2'-<4"-((2" • '-(aspartyl- 
oxy ) ethyl )indol-5' • •-yl)oxy-3"-methoxycyclohexyl)-l'- 

5 methylvinyl]-23 , 25-d imethoxy-IS ,19,21. 27-tetramethyl- 
11 , 2 8-d i oxa-4-azat r i cy c lo [ 22 . 3 . 1 . 0* • ^ Joct ac os -1 8-ene- 

7_'V^io.l6-i:etraone . ■■ ■ 

To a solution of 17-Ethyl-l,14-dihydroxy- 
12-C2'-(4"-((2' ' • •-(3J-i-JL.«-«-benzyloxycarbonyl-2' • • • 

10 benzyloacy-carbonylaminopropionylosy ) ethyl )indol-5' ' 
yl)03y-3"-niethoxycyclohexyl)-l •-methylvinyl]-23 , 25- 
diinethoxy-13 ,19.21, 27-tetrainethyl-ll , 28-dioxa-4- 

azat r ^ ry^lo-[22 . 3 . 1 . 0^ » 9^octacos-18-ene-2 . 3 . 10 , 1 6- 

tetraone (125 mg. 0.093 mmol., 1 eq.) in methanol (2 
mL.) was added palladium hydroxide on carbon (25 
mg.). The flask was charged with hydrogen and 
allowed to stir for 30 minutes. The reaction was 
filtered through a 0.45 \m PTTE membrane and 
concentrated in vacuo. The product was purified by 

20 flash column chromatography (100:10:5:0.5 / CHCI3 : 
MeOH: formic acid:H20) to give 95 mg 
17-Ethyl-l,14-dihydroxy-12-C2«-(4"-((2« " •- 
(aspartyloxy)€thyl)indol-5' • • -yl>oxy-3"-methoxJrcyclo- 
.hexyl)-li^methylvinyl3-23_, 25-dimethoxy-13_, 19 ,21 . 27- 

25 tetramethyl-rll ,28-dioxa-4-azat.ricyclo[22 . 3 . 1 . 0* » 

octacos-18-ene-2,3,10,16-tetraone. Mfss .(FAB) 1067 
(M+). 
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fTAWPLE 59 



17-Ethyl-1.14-dihydroxy-12-C2.-(4..-«2. •••-(!• ' 
i„idazolylcarbonylo^)etliyl)indol-5" '-71)0^-3 - 

„>etho^cyclohe^l)-l ■ -methylvinyl]-23 . 25-dimetho^- 
13 i9.21.27-tetramethyl-11.28-dioxa-4-azatricyclo- 



TO a stirred solution of 17-Etbyl-l . 14- 
- - - ' «^ 12 •■2 , ^A4..^(-i . »^C2 • • • • -hyd roxy ethyl > indol-5 
10 , . . _yi )oxy-3"-metho3£ycyclohexyl)-l • -niethylvinyl3-23 . - 
25-dimethoxy-13 . 19 . 21 . 27-tetrainethyl-ll , 28-dxoaca-4- 
a2atricyclo-C22. 3 . i .0^. 9]octacos-18-ene-2 3 10 . 16- 
-— t-etraone -(l.-5-g-..-1.58. inm^ 1 eq.) in CH^Glz (15 
) under nitrogen was added carbonyl diimidazole 
15 -C256 mg., 1.58-nmol.. 1 es-)- After 45 minutes the 
reaction mixture was diluted with ethyl acetate, 
washed with IN aa- HCl aid then brine. The organic 
layer was dried over anhydrous MgS04. filtered and 
concentrated in vacuo. The residue was used without 
20 further purification 

p;YAMPT.Tg 60 

-17=Ethyl-1.14-dihydroxy^l2^C2'-(4"-«2. ' ' '-d' ' " 
25 -pipeta2inocarbonyloxy>ethyl)indol-5" --yDoxy-S"- 
- -LthoxycyclohexyD-l • -methylvinyl]-23 . 25-dimetho^- 
13 19 . 21 . 27-tet ramethyl-11 , 28-dioxa-4-a2atr icyclo- 

ro^ 1 n4.9i ^rtP-"*'--'a-^^^ TO, ifs-tftr&one 

TO a stirred solution of 17-Ethyl-l . 14- 
30 dihydroxy-12-i:2'-(4"-<(2' • • '-d -imidazolyl- 
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carbonyloxy ) ethyl )-indol-5" •-yl)oxy-3"-iQethoxycyclo- 
hexyl)-l • -methyl-vinyl] -23 . 25-dimethoxy-13 ,19,21, 27- 
tetramethyl-11 ,28-dioxa-4-azatricycloC22 . 3 . 1 . 0* « 9]- 
octacos-18-ene-2,3.10.16-tetraone (100 mg., 0.096 

5 mmol., 1 eq.) in THF (1 mL.) at room temperature 

under nitrogen was added piperazine <82 mg. , 0.956 
nunol., 10 eq.). The mixture was stirred for 2 hours 
at room temperature, stored overnight in freezer then 
stirred for an additional 6 .hpurs_at room 

10 temperature. The reaction was diluted with ethyl 
acetate, washed with IN HCl, saturated NaHCOs, and 
brine. The product was purified by flash column 
• c hroma tography on silica gel (5% methanol/ CH2CI2 and 
then 57. methanol/CH2Cl2 pl«s 1% NH40H> to give 74 

15 mg. Mass (FAB) 1064 (M++1). 

TCYAMPLE 61 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(l' • '-(2' " 
20 (2' • ' ' •-hydroy)ethylaminocarbonyloxy)ethyl)indol-5' ' 
yl )oxy-3"-inethoxycyclohe3yl )-l • -methylvinyl] -23 , 25- 
dimethoxy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa-4-aza- 
fj^ r^Tr^n^7.2 . 3 . 1 n4 . 9iocta roR - 1 8 -ene-7 .3 .10 . le-tetraone 

To a stirred solution of 17-Ethyl-l,14- 

25 dihydroxy-12-j:.2'-(4"-(l' • '-(2' • ' '-(1' • ' ' '-imidazolyl- 
carbonyloxy)-ethyl)indol-5' • •-yl)oxy-3"-methoxycyclo- 
hexyl)-l • -methylvinyl] -23 . 25-dimethoxy-13 , 19 , 21 , 27- 
tetramethyl-ll , 28-dioxa-4-azatr icyclo[22 . 3 . 1 . 0^ » ^J- 
octacos-18-ene-2,3,10,16-tetraone (100 mg., 0.096 
30 mmol., 1 eq.) in THF (1 mL.) at room temperature 

under nitrogen was added ethanolamine (29 fiL.. , 0.478 
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nmol.. 5 eq.). The reaction was stirred for 30 
minutes at room temperature. The reaction was 
diluted with ethyl acetate, washed with IN HCl. 
saturated NaHCOa. and brine. The product was 

5 purified by flash column chrbmatography on silica gel 
(45/65 acetone/hexanes) to give 50 mg. 17-Ethyl-l , 14- 
— dihydxo=qr-12-C2'-(4"-Cl' • '-(Z- — -(2 - ' - -hydroy)- 
ethylaminocarbonyloxy) ethyl) indol-5 « -yl>:^^-3"_-_ 
methoxycyclohe^iy-1 ' -metlTylvxnyn-ZS , 25-dimeth03cy- 

10 13 19 2i.27-tetramethyl-11.28-dioxa-4-azatricyclo- 

C22 . 3 . 1 . 0* • 9 ] octacos-18-ene-2 ,3 . 10 , 16-tet raone . Mass 
(FAB) 1061 (ir*-+Na); 1038 (M++1). 



15 



yvftMPLE 62 



17-Ethyl-1.14-dihydroxy-12-C2'-(4"-(l' • '-(2^ • • 
(isopropyaminocarbonyloxy)ethyl)ind61-5 • • '-yDoxy-S-- 
metho^cyclohe^l)-l • ^methylvinyl]-23 ,25-dimetho^- 
13 ,19 . 21 . 27-tetramethyl-ll . 28-dioxa-4-azatr icyclo- 

20 p9 ^ 1 Q4.9l^r»arns- T«-«»T^«'-2-^ TO Tfi-l-ftTgPne 

To a stirred solution of 17-Ethyl-l . 14- 
dihy<iroxy-12-[2'-(4"-(l' • '-(2' • • •-(!• ' ' ' '-imidazolyl- 
carbonylo^)ethyl)indol-5' • .-yl)o:cy-3--methoxycyclo- 
' metfiylvinyl 3^23 . 25-dimethoxy-13 , 19 , 21^27- 
25 tetramethyl"-ll,28-dio3ca-4-azatricyclot22.3.1.0 » ]- 
— octacos-18-ene-2 . 3 , 10 . 16-tetraone <1X6 mg . . 0 . Ill 
mmol,, 1 eq.) in THF (1 mL.) at room temperature 
under nitrogen was added isopropylamine (48 jiL. . 
0.555 mmol.. 5 eqi-). The reaction was stirred for 
30 overnight. The reaction was diluted with ethyl 

acetate, washed with IN HCl and brine. The product 
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was purified by flash column chromatography on silica 
gel (2:3 acetone/hexanes) to give 50 mg. 17-Ethyl- 
l,14-dihydroxy-12-[2'-(4"-(l' • •-<2' • ^ '-Cisopropyamino- 
carbonyloxy ) ethyl )indol-5' • •-yl)o3y-3"-methoxycyclo- 
5 hexyl)-l ' -methylvinyl]-23 , 25-dimethoxy-13 , 19 ,21 , 27- 
tetramethyl-11 ,28-dioxa-4-azatricyclo[22 .3.1.0^'^!- 
octacoe-18-ene-2 ,3,10. 16-tetraone . M ass (FAB ) 1043 
(M++Li). 

10 KYAMPLE 63 

17-Ethyl-1.14-dihydroxy-12-[2'-(4"-(l' • •-(2' • • 

(ItM I i^piperidinocarbonyloxy)ethyl)indol-5' • '-yl)oxy- 

3"-methoxycyclohexyl)-l • -methylvinyl]-23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 

[1 7,-^.1. 0^ . 9ioctaco R-18-ene-2 .3.10. 16-tetraQng 

To a stirred solution of 17-Ethyl-l , 14- 
dihydroacy-12-[2'-(4"-(l« ^ •-(2' ' ' '-<1' • • "-imidazolyl- 
carbonyloxy) ethyl )indol-5' ■ •-yl)oxy-3"-methoxycyclo- 

20 hexyl)-l ' -methylvinyl]-23 , 25-dimethoacy-13 ,19,21, 27- 
tetramethyl-ll , 28-dioxa-4-azatricycloC22 . 3 . 1 . 0* » ^3- 
octacoB-18-ene-2, 3, 10, 16-tetraone (150 mg., 0.143 
mmol., 1 eg.) in THF (1 mL.) at room temperature 
under nitrogen was added piperidine (42 pi.., 0.717 

25 mmol., 5 eq.). The reaction was stirred 1 hour. The 
reaction was diluted with ethyl acetate, washed with 
IN HCl and brine. The product was purified by flash 
column chromatography on silica gel (4:1 hexanes/ 
acetone) to give 115 mg. 17-Ethyl-l ,14-dihydroxy- 
12-[2'-(4"-(l' • '-(2' • • '-(1' • • • '-piperidinocarbonyl- 
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oxy)ethyJ)indol-5' • .-yDoxy-S'^-methoxycyclohe^lJ-l'- 
methylvinylJ-ZS . 25_din:etho^-13 ^9 . 21 . 27-tetrainetlxyl- 
11.28-dioxa-4-azatricyclo[22.3.1.0*.9]octacos-18-ene- 

2.3.10.16-tetraone. Mass (FAB) 1062 (M+>. 

5 

TgYfMPLE 64 

I^thyl"-i;i4-dihydro^-12-[2'-(4"-<l' • •-(2' • • 
— ,£r.7r.~£3^^Mlinocarbonyloxy)ethy.Uindplr5^ 
10 s-.-metho^cyclohexyD-l • -methylvinyll-23 . 25-diineth03Qr- 
13,19.21, 27-tet r amethyl-ll . 28-dioxa-4-a2at r icydo- 

To a stirred solution of 17-Etliyl-l . 14- 
dihydro^-12-C2--C4'»-(l' ■ .-<2. • • '-d' ' ' ' '-iiaidazolyl- 
15 carbonylo^)ethyl)indol-5' • .-yl)oxy-3"-ineth03qrcyclo- 
hexyl>-l • -niethylvinyl3-23 . 25-diinethoxy-13 . 19 , 21 . 27- 
tetramethyl-ll,28-dioxa-4-azatricycloC22.3.1.0 » 3- 

octaco8-18-ene-2.3.10,16-tetraone (100 mg., 0.096 
nunol., 1 eq.) in THE (1 mL.) at room temperature 

20 under nitrogen was added morphiline (42 jiL. . 0.478 
mnol.. 5 eq.). The reaction was stirred 4 hours. 
The reaction was diluted with ethyl acetate, washed 
with IN HCl, saturated aqueous NaHC03 and brine. 
The product was purified_by preparative TLC on silica 

25 gel (4% MeOH/CH2Cl2) to give. 85 mg. product. The 
compound was further purified by preparative TLC on 
silica gel (4% MeOH/CHzClz) to give 6/ mg. 17-Ethyl- 
l,14-dihydroKy-12-C2'^(4"-(l' • '-(2 - • '-d ' • ' ' 
morphilinocarbonyloxy)ethyl)indol-5' --yl)oxy-3"- 

30 „,ethoxycyclohexyl>-l • -methylvinyl]-23 . 25-dimetho^-13 . 
19 21 , 27-tetramethyl-ll . 28-dioxa-4-azatricyclo- 
[22 . 3 .1 . 0^. 93octacos-18-ene-2 , 3 , 10 , 16-tetr aone . Mass 
(FAB) 1064 (M^-) . 
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y.VAMPLE 65 

17-Ethyl-1.14-dihydroxy-12-[2'-(4"-<l' • '-<2' • • 
(diphenylamiixocarbonyloxy)ethyl)iiidol-5' ' '-yDoaQr-S"- 

5 methoxycyclohexyD-l '-inethylvinyl]-23, 25-dilnethoaEy- 
13 . 19 , 21 , 27^tetramethyl-ll , 28-dioxa-4-aaatricyclo- 

r?? ■ 3 ■ 1 . 0^ . 9inrt,acos- 1 .3.10.1 fi-tetraonc 

— To a stirred solution of 17-Ethyl-l , 14- 

dihydroxy-12-[2'-(4"-(l' • '-C^' • ' '-hydroxyethyl)indol- 

10 5111 _yi)oxy-3"-meth03ycyclohexyl)-l '-inethylvinyl]-23 , 
25-dimetho3ty-13 , 19 , 21 . 27-tetraiiiethyl-ll , 28-dioxa-4- 
azatr icyclo[22 .3.1.0* . 9]octacos-rl8-ene-2 ,3 . 10, 16- 
tetraone ( lOOm g. , 0. 105 nunol. . 1 eq^^) in CH2CI2 (1 
mL.) under nitrogen was added diphenylcarbamyl- 

15 chloride (29 mg, , O.lSmmol., 1.2 eq.), triethylamine 
(22nL.,- 0.16 mmol., 1.5 eq.) and dimetliylamino- 
pyridine ( 3mg., 0.021 nunol., 0-2 eq.). The reaction 
was stirred overnight. More diphenylcarbamylchloride 
(15 mg.) and triethylamine (lljiL.) were added. After 

20 3 hours the reaction mixture was diluted with ethyl 
acetate, washed with IN aq. HCl, water and then 
brine. The organic layer was dried over anhydrous 
MgS04, filtered and concentrated in vacuo. The 
product. wasLPur if ied by preparative TLC (3% MeOH/ 

25 CH2CI2) to give 50 mg. 17-Ethyl-l, 14-dihydroxy-12- 

[2'-(4"-(l' ' '-(2* ' ' •-(diphenylaminocarbonylosy)ethyl)- 
indol-5' ' •-yl)oxy-3"-methosycyciohe^l)-l' -methyl- 
vinyl] -23 , 25-dimethoxy-13 . 19 , 21 , 27-tetramethyl-ll , 28- 
dioxa-4-a2atricycloC22 .3.1.0* . 9]octacos-18-ene-2 ,3,10, 

3° 16-tetraone. Mass (FAB) 1046 (M+). 
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17-Ethyl-l.lA-dihydTO^-12-C2.-(4"-(l"'-<2- - 

5 retL^cyclolie.yl)-l'-ethylvinyl]-23.25.dxmethc^- 
13 19^l!27-tetraBethyl-11.28-dioxa-4-azatrxcyclo. 

^^^^-"^■■^^-^frstir^ solution of 17-Ethyl-l . 14- 
d^lxydxozy^l2--C2^-(4.Ml-o^--C2.^^^^^^^^^^^ 
10 5 . .T.yi)o3cy-3"-metho^cyclohe=Qrl)-l • -methylvinyl]-23 . 
L-diLtho^-13 .19 .21.27-tet.a^et.yl^^^^^^^^ 
a.atricyclo£22.3,l.GA.93oct.cos-18-ene-2.3^10 « 

tetraone (lOOmg.-. 0.105 imol. . 1 eq> ) m CH2CI2 CI 

under nitrogen was added diethylcar.a.ylc.loxxde 

15 .ci6-aL.. 0.13»mol.. 1.2 eq.). triethylamine <22^L. . 
1 5 >, and dimetbylaminopyridine (13 mg. . 1-0 
ea ) The reaction was stirred overnight. The 
.Lure was heated and. maintained at ""^^^ ^ 
days. The mixture was cooled, dxluted -^^^.^fy^ 

20 acetate, washed with IN aq. HCl and then brxne. The 
oreanic layer was dried over anhydrous MgSO^, 
filtered and concentrated ia.va£3ia. The product was 
pi^fied hy preparative TLC (3% MeOE/ CH^Cl^) to .gxve 
46-mg.-t7-Ethyl^l.l4-dihydro^-12-E2.-(4..-(l - 

25 (2 . . _cdiethyaininocarhonyloxy)ethyl)indol-5 -yD- 
- -o3Qr-3 "-metho^cyclohe^cyl )-l • -methylvinyl] -23 . 25- 
dimetho^-13.19.21.27^tetramethyl^ll.28-dioxa-4. 

azatr i cycloC22 . 3 . 1 . 0* • 9 Joctacos-18-ene-Z .3,10 .16 
tetraone. Mass (FAB) 1057 (M-^+Li). 
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fjf^vn>J.-E 67 

17-Ethyl-1.14-dihydr03cy-12-[2'-(4"-(l' • '-(2' • • 
inethanesulf onyloatyethyl)indol-5" •-yl)oxy-3"-methoaqr- 
cyclohe3tyl)-rl • -inethylvinyl]-23 , 25-dimeth03qr-13 , 19 , 21 , 
27-tetrainethyl-ll , 28-dioxa-A-azatricyclo[22 . 3 . 1 . 0* « 

To a stirred solution of 17-Ethyl-l , 1^ 
dihydroxy-12-[2 • -<4"-(l • • ' - (2 1 -hydroacyethyl ) indol- 
5' • •-yl)o^-3"-inethoacycyclohe^l>=l'-iaethylviiiyl"l-23, 
25-dimetboxy-13 , 19 . 21 , 27-tetrainethyl-ll . 28-dioxa-4- 
azatricycloC22 .3.1.0^' 9]octaco8-18-ene-2 ,3 , 10 , 16-tetra 
one (BOOmg., 0.526 mmol.. 1 eq.) in CH2CI2 (20 nL,) 
under nitrogen at O^C was added triethylamine 
(147HI-., 1.053 mmol., 2 eq.), followed by methane- 
sulfonylchloride (54nL. , 0.579 niinol., 1.1 eq.). The 
reaction was stirred 10 minutes and the cooling bath 
was removed. The reaction was stirred at room 
temperature for three hours. The mixture was stored 
in the freezer overnight. The solvent was removed in 
jjasaifl. The product was used without purification 

f.TA>rPLE 68 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(l' • •-<2' • • "-azido- 
ethyl)indol-5' • •-yl)oxy-3"-methoxycyclohexyl)-l«- 
methylvinyl]-23 ,25-dimethoxy-13 . 19 . 21 . 27-tetramethyl- 
11 , 28-dioxa-4-azatricyclot22 .3.1.0^' 9]octacos-18-ene- 

7 ?.io.l6-tetraone — 

To a stirred solution of 17-Ethyl-l , 14- 
dihydroxy-12-C2'-(4"-(l' • '-(2« ' • '-methanesulf onyloxy- 
ethyl)indol-5' • •-yl)oxy-3"-metho3cycyclohexyl)-l'- 
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methvlviByl] -23 . 25-dimetho^-13 . 19 . 21 . 27-t et ramethyl- 
metnyivmyxj .^„^,^r,, 3 1 o*»9]octacos-18-ene-2 

11 28-dioxa-4-azatricyclo[2Z.3.J.-« J"^ 

3 10.16-tetraone < 0.526 nunol. . 1 eq.) in DMF (10 
:^:y under nitrogen was added sodium 

5 2 63 mmol. . 5 eq.). .The reaction was heated to 60 C 
fox 2 hours The solvent was removed .in v^c^^ft - The 
residue was diluted with ethyl acetate and washed 

^h-brine. The aqueous layer was ertracted 3^ w.th 

Jthyl acetate^_The organic extrac^t^wer_e d,xe_d over 

10 anhydrous MgS04. filtered and concentrated 
The product was purified by flash column 
Chromatography on silica gel <? = l^™^^-f ^^f.! 
giving 310 mg. 17-Ethyl-1.14-dihydro^-12-Q2 -<4 

^IT77!(2. ,_azidoethyl)indol-5« ' ._yl)o^-3..-metho^- 

15 cyclohe^l)-l'-ethylvinyll-23.25-dimetho^-13 19,21^^ 
27-tetramethyl-ll . 28-dioxa..4-azatr xcycloC22 3 1 0 ] 
octacos-18-ene-2, 3. 10.16-tetraone.. Mass C^AB) 975 

20 T;yftnpi.i; 69 . 

... , ,0 rot /Att—f 1 1 • •— (2' ' ' '— amino— 

17-Ethyl-1.14-dihydroxy-12-C2'-C4 ^J. 

ethyl)indol-5' "-yl)o3cy-3"-methoxycyclohexyl)-l - 
n.ethylvinyl3-23.25-dimethoxy-13.19.21.27-tetramethyl- 
25 ii;2LAi^xa-4-azatricyClot22.3.1.0^.93octacos-18-ene- 

9 3 lO.I fi-tPt^^Qne — 

To a stirred solution of 17-Ethyl-l . 14- 
dihydroxy-12-[2-(4..-(l' • .-(2' • ' ..azidoethyl)indol- 
5 r . . _yi)oxy-3"-metho=Qrcyclohe^l)-l'-methylvinyl]-23 . 
30 25-dimethoxy-13.19.21.27-tetramethyl-11.28-dioxa-4- 
azat r icyclo[22 . 3 . 1 . 0* • ^ D octacos-18-ene-2 . 3 ,10 . 16- 
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tetraone (260 mg.. 0.27 imnol.. 1 eq.) in THF (6 mL.) 
was added water (7 drops) followed by triphenyl- 
phosphine (87 mg., .33 mmol.. 1.25 eq.). The 
reaction was stirred at room temperature for 16 

5 hours The. solvent was removed in vacuo. The product 
was purified by flash column chromatography on silica 
gel (107. MeOH/CH2Cl2) giving 227 mg. 17-Ethyl-l ,14- 
dihydroxy-12-[-2 '-(-4i.'-(lJJ-'--.(2' ' • • -aminoethyl)indol- 
5j_i i_yi)oxy-3"-methoxycyclohe3tyl)-l '-methylvinylJ-ZS , 

10 25-dimethoxy-13 , 19 , 21 , 27-tetr amethyl-11 , 28-d ioxa-4- 
azatr icyclo[:22 .3.1 . 0^ « 9]octacoB-18-ene-2 . 3 , 10 , 16- 
tetraone. Mass (FAB) 956(M++ Li). 



15 



V.YAMPT.E 70 



17-Ethyl-l,14-dihydroxy-12-[2'-(4"-(l' • '-t-butyldi- 
inethylsilyloaEyethoxyethylindol-5 • - •-yl>oxy-3"-methoxy- 
cyclohe3£yl)-l ' -methylvinyl]-23 , 25-dimethoxy-13 , 19 . 21 , 
27-tetramethyl-ll , 28-dioxa-4-azatr icyclo[22 . 3 . 1 . o4 . 9]_ 

20 ^^ tarns-18 -^T,P-2 .3.30.1 6-tetrapng 

TO a solution of tri[l-(2-t-butyldi- 
methylsilyloxy-ethoxyethyl)-indol-5-yl3 bismuthine 
(360 mg.. 0.31 mmol.) in CH2CI2 (3mL. ) at rt was 
added peracetic acid ( 0.05 mL. . 32% in acetic acid) 

25 followed in 10 minutes by 17-Ethyl-l . 14-dihydroxy- 
12-[2'-(3", 4"-dihydroxycyclohexyl)-l '-methylvinyl]- 
- - 23 , 25-dimethoxy-r37 19 ,21, 27-tetramethyl-ll, 28-dioxa-4- 
azatr icyclo-[22 .3.1.0^ . 9]_octacos-18-ene-2 . 3 . 10 . 16-tet 
raone (200mg. 0.25 mmol) and Cu(0Ac)2 (20 mg.). The 

30 reaction mixture was stirred fox 18 hrs. The reaction 



wo 93/05058 



PCr/US92/07S08 



- 252 - 



was then quenched with saturated NaHCOg and extracted 
with CH2CI2. The organic extracts were combined, 
dried with Na2S04. filtered and concentrated la 
vacua. The product was isolated and purified by 
preparative TLC (3:1, hexane/ acetone) to afford 120 
mg. of the title compound as a dark oil. 



T'.T AMPLE 71 



10 i7^Ethyl-l.i4-dihydrosy-12-C2'-<4"-(l' • '-hydroxy- 

ethoxjrethylindol-5' • .-yl)oxy-3"-methoxycyclohexyl)-l '- 
methylvinyl] -23 , 25-dimethoxy-13 , 19 . 21 . 27-tet r amethyl- 
11.28-dioxa-4-a2atricyclo[22.3.1.0^.9]octacos-18-ene- 



15 TO a solution of 17-Ethyl-l. 14-dihydroxy- 

12-E2•-(4"-<l• ' •-t-butyldimethylsilylosyethoay-ethyl- 
indol-5' ' •-yl)oxy-3"-methoxycyclohexyl)-l'-methyl- 
vinyl]-23. 25-dimeth02y-13 »19 . 21 , 27-tetramethyl-ll . 28- 
dioxa-4-azatricycloE22.3.1.0^»93octacos-18-ene- 

20 2.3.10.16-tetraone C120m&> in CH2CI2 (3 mL. ) at rt 
wis added a solution of p-toluene sulfonic acid <20 
mg.) in CH3OH (3 mL.)- The reaction mixture was 
stirred for 3 hr. , quenched with saturated NaHCOs, 
then extracted with CH2CI2. The extracts . were 

25 combined, dried over Na2S04. filtered and _^ 

concentrated vacuo . The product was purified by 
preparative TLC on silica gel (2:1, hexane/ acetone) 
to give 51 mg of the title compound. Partial ■'■H NMR 
(CDCI3. 200 MHz) 5: 7.19 <d, J=9Hz. IH) ; 7.17 <d. J=2 



30 



Hz. IH); 7.08 (d, J=3.5 Hz. IH) ; 6.89 (dd, J=2 and 
J=9 Hz. IH): 6.34 (d. J=3.5 Hz, IH) ; 4.22 (t, J=5 Hz. 
2H): 3.73 (t. J=5 Hz. 2H) ; 3.57 (t. J=5 Hz, 2H) ; 3.39 
(t. J=5 Hz, 2H). 

r.y AMPLE 72 

17^thyl-l,14-dihydroxy-12-[2'-(3"-metboxy-4"-(l' • 
<!• • ' '-oxoprop-S' • • '-yl)indol-5' ' •-yDoaycyclohesyl)- 
1 ' -methylvinyl]-23 , 25-dimethoxy-13 , 19 . 21 ,27-tetra- 
methyl-ll , 28-dioxa-4-azatricyclo[22 . 3 . 1 . 0^ • ^3 octacos- 

R-pnp-2 . ■ 1 0 . 1 6-tetraone ^ 

To a solution of 17-Ethyl-l,14-dihydroxy- 
12-[2'-(4"-^(l' • '-(3« L«JL-hydzoxyptopyl)indol-5 • • '-yl)- 
oxy-3"-inethoxycyclohesyl)-l '-methyivinyl]-23 . 25- 
dimethoxy-13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4- 
azatricycloC22 .3.1.0^ . 93octacos-18-ene-2 ,3,10,16- 
tetraone (700 mg. , 0.726 minol. ) in CH2CI2 <25 mL) was 
added DMSO (2 mL.) and diisopropylethylamine ( 3.7 
mL.) followed by pyridine Bulfui trioxide <650 mg. , 
4.1 mmol.). The mixture was stirred for 20 min. then 
poured into saturated aqueous NaHC03. The product was 
extracted into CH2CI2 which was then dried with 
Na2SP^. filtered, and concentrated in vacuo. The 
product was purified hy column chromatograiphy 
(silica gel, 4:1 hexane /acetone) to give 457mg. of 
the title_ compound. Partial iHjn^ (CDCla . 200 MHz) 
6: 9.77 (s. IH); 7.19 <d. J=2Hz, IH) ; 7.15 (d, J=9 
Hz, IH); 7.04 (d, J=3.5 Hz. IH); 6.89 (dd. J=2 and 
J=9 Hz, IH); 6.33 (d. J=3.5 Hz, IH) ; 4.39 (t, J=5 Hz, 
2H); 2.94 (t, J=5 Hz, 2H). 
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17-Ethyl-1.14-dihydro^-12-C2.-C3"-inetho^-4.'-<l' ' 
(1. . . .-carboxyeth-2' • • .-yl)indol-5^ . .-yl)oxycyclo- 
5 he^l)-l • -methylvinyl]-23 .25-diinetho^-13 . 19 . 21 .27- 
tetramethyl-ll,28-dioxa-4-azatIicyclo[22.3 .1.0 . J- 

TO a stirred solution of 17-Ethyl-l ,14- 
dihydroxy-12.C2-(3-.-methoxy-4..-(l. • •-Ci::; '-^^^^^^ 
10 --3-,T7V_yi)indca-T^-^-yl)Wcyclohe^l)-l'-meth^^^^ 

23 25-dimetho^-13 . 19 . 21 . 27-tetrainethyl-ll . 28-dio^a-4- 
azatr icycloC22 .3.1. 0^. 93octaco8-18-ene-2 . 3 . 10 , 16- 
tetraone dOO mg,). 5-bromoindole <300 mg.) and 
--2-:Eethyl^2-b-utene C0.8a ».L.)-^n t-butanol (4inL.) was 
15 added a solution of sodium chlorite <15 mg.) and^ 
sodium dihydrogen phosphate <15 mg.) in water (0.15 
mL ). The reaction mixture was stirred for 0.5 hr. 
then concentrated in vacuo. The residue was 
partioned between 10 ml. water containing 2 drops of 
20 2N HCl and diethyl ether. The organic extract was 
dried with Na2S04. filtered, and concentrated in 
vacuo. The product was purified by preparative 2X 
first with 2:1 hexane/ acetone then 7% CH3OH m CH2CI2 
and finally flash column, chromatography on Cig column 
^k-ihg with -60% CHjeN-in water to give 11 mg. of the 
—title compound. Mass (FAB) 1001 <M+ "a) . 

Utilizing the general procedures described 
in Examples 1 to 73, the following compounds of 
30 Formula I (wherein is hydrogen, r5 ig methyl, 

ethyl, propyl or allyl; R^^ is hydrogen and n is 2) 
are prepared from the appropriately substituted 
starting materials and reagents. 



25 
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Tg yAMPLE 83 
T-rpll Pr nH-FPTal-ioii Assav 

1. «;aTnpie Preparation 

5 The compounds to be assayed were dissolved 

in absolute ethanol at 1 mg/ml. 

2. Assay 

Spleens f rom C57B1/6 mice were taken under 

1° sterile conditions and gently dissociated in ice-cold 
RPMI 1640 culture medium (GIBC), Grand Island, N. Y.) 
supplemented with 1.0% heat-inactivated fetal calf 
serum (GIBO)). Cells were pelleted by centrifugation 
at 1500 rpm for 8 minutes. Contaminating red cells 

15 were removed by treating the pellet with ammonium 

chloride lysing buffer <GIBO)) for 2 minutes at 4"C. 
Cold medium was added and cells were again 
centrifuged at 1500 rpm for 8 minutes. T lymphocytes 
were then isolated by separation of the cell 

20 suspension on nylon wool columns as follows: Nylon 

wool columns were prepared by packing approximately 4 
grams of washed and dried nylon wool into 20 ml 
plastic syringes. The columns were sterilized by 
autoclaving at 25 T for 30 minutes. Nylon wool 

25 columns were wetted with warm (37«C) culture medium 
and rinsed with the same medium. Washed spleen cells 
resuspended in warm medium were slowly applied to the 
nylon wool. The columns were then incubated in an 
upright position at 37«C for 1 hour. Non-adherent T 

30 lymphocytes were eluted from the columns with warm 
"culture medium and the cell suspensions were spun as 
above 
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Purified T lymphocytes were resuspended at 
2.5 X 105 cells /ml in complete culture medium 
composed of RPMI 1640 medium with 10% heat- 
inactivated fetal calf serum, 100 mM glutamine, 1 nM 

5 sodium pyruvate. 2 x 10-5 m 2-mercaptoethanol and 50 
^g/ml gentamycin. lonomycin was added at 250 ng/ml 
and PMA .at 10 ng/ml. The cell suspension was 
inmiediately distributed into 96 well flat-bottom 
microculture plates (Costar) at 200 til/well. The 

in . r>f +-kp rompound to be tested were 

then added in triplicate wells at 20 ja/well. The 
compound l7-allyl-1.14-dihydroxy-12-C2'-(4' 
hydroxy-3 ' '-methoxycydohe^D-l • -methylvinyl3-23 . 25- 
dimethosy-13 . 19 . 21. 27-tetxamethyl-ll , 28-dioxa-4-aza- 

15 tricycloC22 . 3 . 1 . 0* • 93octacos-18-ene-2 , 3 , 10 . 16-tetraone 
was used as a standard. The culture plates were then 
incubated at 37 •€ in a humidified atmosphere of 5% 
CO2-957. air for 44 hours. The proliferation of T 
lymphocytes was assessed by measurement of tritiated 

20 thymidine incorporation. After 44 hours of 

culturing. the cells were pulse-labelled with 2 
fiCi/well of tritiated thymidine (MEN. Cambridge. 
MA). After another 4 hours of . incubation, cultures 
were harvested on glass fiber filters using a 

25 multiple sample harvester. Radioactivity of filter 
discs corresponding to individual wells was measured 
by standard liq.uid scintillation counting methods 
(Betacounter). Mean counts per minute of replicate 
wells were calculated and the results expressed as 

30 concentration of compound required to inhibit 
tritiated thymidine uptake of T-cells by 507.. 
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A selection of compounds were tested 
according to the previous procedure. The title 
compounds of the following Examples had activity in 
inhibiting the proliferation of T-cells in the 

5 aforementioned assay: 1,2,3,4,5,6,7,8,9,10.11,12,13, 
14,15.16,17,18.19,20,21,23,26.28,31,32,33,34, 35. 37. 
39, 42,. 44, 46, 47, 48, 49, 50, 51, 52, 53, 54, 57, 
58, 60, 61, 62. 63. 64. 65. 66. 69. 71. 72 and 73. 

The results of this assay are representative 

10 of the intrinsic immunosuppressive-activity of the 
compounds of the present invention. 

For determining antagonist activity, the 
foregoing procedure is modified in that dilutions of 
compounds are cultured with 17-ally-l . 14-dihydroxy- 

15 12-[2'-(4' '-hy d r oxy-3 ' '-me thoxy cy clohexy 1 ) -1 ' -me thy 1- 

vinyl]-23 . 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28- 
dioxa-4-azatricyclo[22 .3.1.0* . 9]octacos-18-ene-2 .3 , 10 . 
16-tetraone <as a standard) at a concentration of 1.2 
nM, a concentration which inhibits T cell prolif e- 

20 ration by 100%, the concentration of compound 

required to reverse the inhibition obtained by the 
standard alone by 50% is measured, and the ED50 value 
is determined . 

While the foregoing specification teaches 

25 the-principles-of— the present invention, with 

. examples -provided for the purpose of illustration, it 
-will -be-under stood that the practice of the invention 
encompasses all of the casual variations, adaptations, 
modifications, deletions, or additions of procedures 

30 and protocols described herein, as come within the 
scope of the following claims and its equivalents. 
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TS C T-^TMTCD IS; 

1. A compound of Formula I: 



10 



15 



20 



25 



30 




CHqO OCHa 



or a pharmaceutically acceptable salt thereof, 
wherein: 

r1 is selected -f rom:- - . — - 
(1> heteroaryl; 

(2) substituted heteroaryl in which the 

substituents are X, T and Z; 

(3) heteroaryl-Ci_xoalJ^yl ► 

(4) substituted heteroaryl-Ci_ioal^yl "^^^^^ 
the heteroaryl group is substituted by X, T 
and Z and the alkyl portion may be 
substituted with one or more of the 
substituent(s) selected from: 
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(a) hydroxy, 

(b) dxo, 

(c) Ci_5-alkoxy, 

(d ) aryl-Ci_3alkosy , 

5 (e) substituted aryl-Ci„3alkoxy, in which 

the substituentfl on aryl are X, Y and Z, 
(f) unsubstituted or substituted aryloxy, 
in which the substituents on aryl are 
X, Y and Z, 

10 - (g) -OCO-Cr-ealkylr - 

(h) -Nr6r7, wherein and are 
independently selected from 
(i) hydrogen, 

.. (ii_)-C-i^-i-o^^^y^-"^®^^^^^"^"*®^ 

15 substituted with one or more of 

the substituent(s) selected from; 
(a«) aryl, which is unsubstituted 
or substituted with X, Y and 
Z, 

20 (bf) heteroaryl, which is 

unsubstituted or substituted 
with X, Y and Z, 
(C) -OH. 
(d» ) Ci.^alkoxy, 

25 _ (eL)^C02H, 

<f') -C02-Ci.5alkyl , 
(g«) -C3.7cycloalkyl, and 
(h«) -OrII, 
(iii)C3_io^^^®^y^ unsubstituted or 
30 substituted with one or more of 

the substituent<s) selected from: 
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(a») aryl, which is unsuhstituted 
or substituted with X, X and 
Z. 

(b«) heteroaryl, which is 
5 unsubstituted or substituted 

with X, T and Z, 
<c«> -OH, 
Cd«) Ci^galkoxy, 
(e«) -C02H» 

10 (f) -CG2^Gi-6^^^y^» 

<g'> -C3_7cycloalkyl, and 

(h') -or", 

(iv)or where and R^ and the N to 

which they are attached-may form 

15 an uiiBubstituted or substituted 

3-7-membered heterocyclic ring 
which may include one or two 
additional heteroatoms 
independently selected from the 

20 group consisting of 0, S(0>p, 

NR^^, wherein R^* is hydrogen or 
Cj^_g alkyl unsubstituted or 
substituted by phenyl, and p is 0, 
1 or 2, ■ 

25 ^ — (i)- -_NR6C0-Ci_6alkyl-R^. wherein R«> and R 

~afe as defined above, 

Cj ) — =NR^C02-Gl-6*^^y^"^^ • 

(k) -wr6conr%^, 

(1) -OCONR%^, 

30 (m) -COOR^, 

(n) -CHO, 

(o) aryl. 
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(p) substituted aryl in which the 
substituents are X, T and 

(q) -OrI^, and 

(r) -S(0)p-Ci_6alkyl; 
5 (5) heteroaryl-Ci.io^^^y^ wherein one or 

more of the alkyl carbons is replaced 
by a group selected from: -NR^-, -0-, 

-s(0)p-. -CO2-. -02C-, -conr6-. 

-NR^CO-, -KR^CONR^-; 

10 (6) substituted heteroaryl-Ci .i galkyl 

wherein one or more of the alkyl 
carbons is replaced by a group selected 
from: -KR^-, .-0". -S(0)p-. -CO2-. 
-:_02G", — GONR^-, -NR^CO-,- and 

15 -NR^CONR^-, the heteroaryl group is 

substituted with X, T, and 2, and the 
alkyl group may be substituted with one 
or more of the substituent<s) selected 
from: 

20 (a) hydroxy, 

(b) 0x0, 

(c) Ci.galkoxjr, 

( d ) aryl-Ci.3alko^ , 

(e) substituted aryl-Ci.3alkoxy , in which 

25 the substituents on aryl are X, Y and Z, 

(f) unsubstituted or substituted aryloxy, 
in which the substituentsr on aryl are 
X, T and Z, 

(g) -OCO-Ci.galkyl, 

30 (h) -NR%7, wherein R^ and R^ are as 

defined above, 
(i) -NR^CO-Ci^galkyl-R^ , 
(j) -NR^C02-Ci.5alkyl-R^ 
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(1) -0C0KR%7, 

(m) -COOR*. 

(n> -CHO, 
5 (o) aryl, 

(p) substituted aryl in which the 
substituents are X, T and Z, 

(g) -OR^^ , and 

(r) -S(0>p-Ci_6alkyl; 
10 (7) heteroaryl-C3_ioal*:enyl wherein alkenyl 

contains one to four double bonds; 

(8) heteroaryl-C3_ioalkenyl wherein alkenyl 
contains one to four double bonds and 
wherein-one-ox-more of the alkyl carbons is 

15 replaced by a group selected from: -NR 

-0-. -SXOp-.—COz-. -O2C-. -C0NR6-. 
-NR^CO-, and -NR^CONR'^-; . 

(9) substituted heteroaryl-C3_ioalkenyl wherein 
alkenyl contains one to four double bonds 

20 and wherein one or more of the alkyl carbons 

may be replaced by a group selected from: 
-Nr6-, -0-, -S(0)p-. -CO2-, -O2C-. -CONR*-. 
-NR^CG-. and -NR^CONR^. the heteroaryl group 
is substituted with X, T, and Z. and the 

25 alkyl group may-be- substituted with one or 

more of the substituent(s) selected from:. 

(a) hydrosy, 

(b) 0x0, 

(c) Ci.galkoxy, 

30 (d) aryl-Ci_3alkoxy, 

(e) substituted aryl-Ci_3alkoxy, in which 

the substituents on aryl are X, T and Z, 
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(f) unsubstituted or substituted aryloxy, 
in which the substituents on aryl are 
X, Y and Z, 

(g) -OCO-Ci^ealkyl. 

5 (h) -NR%7. wherein and as defined 

above, 

(i> -NR^CO-Ci^galkyl, wherein R^ is as 

defined above,- 
(j) -NR^C02-Ci.6alkyl, 

10 (V)-^NR^CONR^R^-. 

(1) -OCONR^R^, 
(m) -COOR&. 
(n) -CHO, 

(o) — aryl^ 

15 (p) substituted aryl in which the 

substituents are X. Y and Z, and 
(q) -OR^^, and 
(r) -S(0>p-Ci_6alkyl; 

r2 is selected from: 

(1) the definitions of R^; 

(2) hydrogen; 

(3) phenyl; 

(4) substituted phenyl in which the substituents 
25 are -X— Y and Z;— - - . ^ 

(5) 1- or 2-naphthyl; — 

(6) substituted 1- or 2-naphthyl in which the 
substituents are X, Y and Z; 

(7) biphenyl; 

30 (8) substituted biphenyl in which the 

substituents are X, Y and Z; 
(9) Ci.ioalkyl; 
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IC 



15 



20 



25 



30 



CIO) substituted-Ci.ioalkyI in which one or more 
substituent(s) is (are) selected from: 



<a 
(b 
(c 
(d 
(e 

<f 



(g 
(h 

a 

(1 
(m 

(n 
<o 



(P 



hydroxy, 
pxo, 

Ci.galkoxy, 
aryl-Ci_3alkoxy , 

substituted aryl-Ci_3alkoxy. in which 
the substituents on aryl are X, T and Z, 
unsubstituted or substituted aryloxy. 
in which the substituents -on-aryl are 
X, Y and Z, 
-0C0-Ci_6alkyl. 

-Nr6r7, wherein and are as 

def ined-above - j 

-NR^CO-Ci.ealkyl-R'^r wherein and R 
is as defined above, 

-COOR^. wherein R^ is as defined above, 

-CHO, 

phenyl , 

substituted phenyl in which the 
substituents are X, Y and Z, 
1- or 2-naphthyl, 

substituted 1- or 2-naphthyl in which 
the substituents are X, T and Z, 
biphenyly 



substituted- biphenyl in which the 
-substituents are X, T arid Z, 
(r) -OR^^, and 
(8) -S<0)p-Ci_6alkyl; 

(11) C3_ioalJ^^»y^ 5 

(12) substituted C3_ioalkenyl in which one or 
more substituent(s) is(are) selected from: 
(a) hydrosy. 
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(b) oxo, 

Cc5 Ci.galkoxy, 

(d) phenyl-Cj[_3alkoxy, 

(e) substituted phenyl-C^^salkoxy . in which 
the substituents on phenyl are 

X, T and Z, 

(f) -OCO-Ci.galkyl. 

(g) -NR%^. wherein and are as 
defined above 

(h) -NR^CO-C]^_galkyl, wherein R^ is as 
defined above, . . 

(i) -COOR^. wherein R^ is as defined above, 
(j) -CHO, 

(k) -phenyl, 

(1) substituted phenyl in which the • 

substituents are X, -Y and Z, 
(m) 1- or 2-naphthyl, 

(n) substituted 1- or 2-naphthyl in which 

the substituents are X, Y and Z, 
(o) biphenyl, 

(p) substituted biphenyl in which the 

substituents are X, T and Z, 
(q) -OrII, and 
<r) -S(0)p-Ci_6alkyl; 

(13) Cs.io^i^y^y^ J 

(14) substituted Cs^iQalkjmyl in which one or 
„^^-inore substituent(s)--is(are) selected from: 

(a) hydroxy, 

(b) oxo, 

(c) Ci^galkoxy. 

(d) phenyl-Ci.3alkoxy, 
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(e) substituted phenyl-Ci_3alkoxy, in which 
the substituents on phenyl are 

X, Y and Z, 

(f) -0C0-Ci_6alkyl » 

5 (g) -NR%7, wherein and are as 

defined above, 
. (h) -NR&C0-Ci_6alkyl. wherein R^ is as 
defined above, 
(i) -COOR^, wherein R^ is as defined above, 

10 (j> -CEO, 

(k) phenyl, 

(1) substituted phenyl in which the 
substituents are X, T and Z, 

(m) -l=-or-2-naphthyl , 
15 (n) substituted 1- or Z-naphthyl in which 

the substituents are X, T and Z, 

(o) biphenyl, 

(p) substituted biphenyl in which the 
substituents are X, X and Z, 
20 (q) -OR^^; and 

(15) -r1^; 

r3 is hydrogen, hydroxy. -OR", or Ci.galkoxy; 
r4 is hydrogen, or r3 and R* taken together form a 
double bond; 
25 r5 is methyl, ethyl, propyl or allyl; 

rIO is hydrogenr hydroxyi — OR^l or fluoro; 
r11 is select ed-from: 

(a) -P0(0H)O-M*, wherein M+ is a positively 
charged inorganic or organic counterion, 

30 (b) -SOs"!!*. 

CO -C0(CH2)qC02^M+, wherein q is 1-3, and 
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(d) -CO-Ci.galkyl-NR^^ , wherein and 
are as defined above and the alkyl is 
unsubstituted or substituted with one 
or more substituents selected from: 
5 (i) hydroxy, 

(ii) Ci.^alkoxy, 
(iii) -NrI^I^, wherein R^^ and R^'^ are 
independently selected f rom: 
<a») hydrogen, and 
10 (b') Ci^gallryir " 

(iv) -COOR^, wherein R^ is as defined 
above , 
(v) phenyl, 
(iv) substituted phenyl in which the 
15 substituents are X, Y and Z. 

(vii) heteroaryl, 
(viii) -SH. and 

(ix) -S-Ci.galkyl; 
W is 0 or (H, OH); 
20 X, Y and Z independently are selected from: 
(a) hydrogen, 

<b) Ci_io^^^y^» unsubstituted or 
substituted with one or more 
substituents selected from: 
25 — (i) aryl, 

(ii) substituted aryl "in which the 

-substituents are X» , T' and Z« , 
. (iii) heteroaryl, 

(iv) substituted heteroaryl in which 
30 the substituents are X« , Y', and 

Z'. 

(v) unsubstituted or substituted 

aryloxy, in which the substituents 
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on aryl are X« , and Z', 
(vi> -OR^. 
(vii) -OrII, 
(viii): -OCOR^, 
5 (ix) -0C02R^. 

(x) -NR%7 , 
(xi) -CHO» 
(xii) -NR6cOCi_6alkyl-R' » 
(xiii) -NR^C02Ci_6all^yl-R^ • 
10 (xiv> -NR^COim%^, 

(xv> -OCONR^R'^, 
(svi) -CGNR^R^, 
<c) Ci_ioall^yl wherein one or more of the 
alkyl carbons is replaced by a group 
15 selected from -NR^-, -0-, -S<0)p-, 

-CO2-. -O2C-. -C0NR6-. _nr6cO-, 
-NR^COm^., _co_. -CH<OH)-. alkenyl or 
alkynyl Mid the alkyl may be unsub- 
stituted or substituted with one or 
20 more substituents selected from: 

(i) aryl. 

(ii> substituted aryl in which the 

substituents are X« , T" and Z' , 
(iii) heteroaryl, 

25 (i-^) substituted heteroaryl in which 

l:he~substi^uents are X' , T« , and 

Z'. 

<v) unsubstituted or substituted 

aryloxy, in which the substituents 
io on aryl are X' , T' , and Z' , 

(vi) -OR^. 
(vii) -OrII, 
<viii> -OCOR^. 
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(ix) -0C02R°, 

(xi) -CHO 
(xi i ) -NR^coCi.galkyl-R^ , 
(xi i i ) -NR6c02Ci_6alkyl-R7 , 
<xiv) -NR^CONR^R^, 

(xv) -0C0NR6r7, 
<xvi) -C0NR^r7, 

(d) halogen, 

(e) -NR^R^, 

(f) -CN, 

(g) -CHO. 

(h) -CF3 , — 

(i) -SbP, wherein R^ is hydrogen, 
Ci.galkyl, trifluoromethyl, or phenyl, 

(J) -sor8, 

(k) -S02R^ , 

(1) -conr6r7, 

(m) R^0<CH2)ni- wherein R^ is hydrogen, 
Cj.galkyl, hydro3ty-G2_3alkyl, -CF3 , 
phenyl, R^^ or naphthyl and m is 0, 1, 
2, or 3, 

(n) -CH<0r12)(0R^3) ^ wherein R^2 r13 

are Ci_3alkyl or taken together form an 
ethyl or propyl bridge, — — 
€) 

(o) .R^C0<CH2)m- wherein R^ and m are as 
defined above, 
0 

(p) R^0C<CH2)nj- wherein R^ and m are as 

defined above, and 
(9) -R^l; 
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or any two of X. T and Z may be joined to 
form a saturated ring having 5. 6 or 7 ring 
atoms, said ring atoms comprising 1 or 2 ^ 
o^gen atoms, the remaining ring atoms being 

5 carbon, 

X., T- and Z- independently are selected from: 

(a) hydrogen. 

(b) Ci.yaikyl. 

(c) C2_6alltenyl. 

10 (d) halogen. t ^ 

(e) -CCH2)m-NR^R^. wl^exein R^, and m are 
as defined above, 

(f) -CN. 

<g) -CHO. 

15 (h) -CF3, 

(i) -Sr8. wherein R^ is hydrogen, 

Ci.ealkyl, trifluoromethyl. or phenyl, 
(j) -S0r8. wherein R» is as defined above, 
(k) -SO2R8. wherein R^ is as defined above. 
20 (1) -CONr6r7, wherein R^ and R^ are as 

defined above, 
(m) R90(CH2)m- wherein r9 and m are as 

defined above, 
(n) -CH(0r12) (or13 ) . wherein R^^ and R^^ 
25 are as defined above r 

0 

(o> R9co(CH2)m- "herein R^ and m are as 
. defined above, 
0 

30 (p) R90C<CH2)m- wherein r9 and m are as 

defined above, and 



n is 1 or 2. 
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'I ' 

2. The" compound according to Claim 1 
wherein the absolute configuration of rormula I is as 
defined in Tormula III: 

5 . 



10 



15 




CHgO OCHg 

20 3 3 

III 



25 



30 



wo 93/05058 



PCT/US92/07508 



- 274 - 



3. The compound of Claim 1, wherein the 
heteroaryl is selected from the group consisting of; 



10 



15 



20 



25 





CPyrldazine> 



Y Z 




CPyrlrnLdlne) 



CPyrazine) 



30 
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r2 is aelected from: 

(1) hydrogen, 

(2) methyl, 
<3) ethyl, 

5 (4) propyl, 

<5) allyl, 
(6) R^^. 

<7) -C2_3alkyl-0H: and 

10 r3 is selected from? 

(1) hydrogen, 

(2) hydroxy, 

(3) -OR^^, ox 

r3 and R* taken together form a double bond; 
15 rIO is hydrogen, hydroxy* flnoro, or -OR ; 
W is 0; and 
n is 2. 



20 



25 



30 
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6. A compound which is selected from the 
group consisting of: 

17-Ethyl-l , 14-dihydroxy-12-[2 '-(A-'-CZ-f uranyDmethoacy- 
3"-methoaycyclohexyl)-l ' -inethylvinyl]-23 , 25-dimeth03Ey- 
13 , 19 , 21 ,27-tetrametbyl-ll . 28-dioxa-4-azatricyclo- 
[22.3.1.0*' 9]octacos-18-ene-2 ,3,10, 16-tetraone ; 

17-]Ethyl-l , 14-dihydroxy-12-[2 •-<4"-C2-£uranyl)methoa£y- 
3"-hydroxycyclohexyl)-l '-methyl vinyl]-23,25-dimethoxy- 
13 , 19 , 21,27-tetramethyl-ll ,28-dioxa-4-a2at^icyclo- 
[ 22 . 3 . 1 . 0* » ^ ] octacos-18-ene-2 ,3,10, 16-tetraone ; 

17-Ethyl-l , 14-d ihyd r oxy- 12- [ 2 • - ( 4' '-hy d r oxy-3 • •- < 2- 
f uranyl)methoxycyclohexyl)-l ' -methylvinyl]-23 , 25- 
dimethoxy-13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricycloC22 .3.1.0*' 9]octacos-18-ene-2 , 3 , 10 , 16- 
tetraone: 

17-Ethyl-l, 14-dihydroxy-12-[2'-<4"-(2-thiophene>- 
methoxy-3"-methoxycyclohexyl)-l '-methylvinyll-23 ,25- 
dimethoxy-13 , 19 ,21 , 27-tetramethyl-ll . 28-dioxa-4-aza- 
tricyclo[22 .3.1. 0*' 9]octacos-18-ene-2 . 3 , 10 , 16- 
tetraone; 

17-Ethyl-l . 14-dihydroxy-12-[2 • -(4"-(2-thiophene)- 
methoxy-3"-hydroxycyclohexyl)-l •-methylvinyl]-23 ,25- 
dimethoxy-13 ,19,21. 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 .3.1.0* • 9]octacos-18-ene-2 , 3 , 10, 16- 
tetraone; 



wo 93/05058 



PCr/US92/07S08 



- 280 - 



10 



15 



20 



25 



'30 



17-Ethyl-1.14-dihydro^-12-C2-(4"-<3-thxophene)- 
methoxy-3"-hydro3cycyclohe^l)-l .-methylvinyl]-23 , 25- 
dimeth03cy-13 . 19 . 21. 27-tetrametliyl-ll , 28-dioxa-4-aza- 
tr icyclo [22 .3.1.0* * 9]octaco8-18-ene-2 . 3 . 10 .16- 
tetraone; 

17-Ethyl-l. l4_-dihydro^-12-t2 •-<4"-hydro3cy-3"-(2-thio- 
pbene)inethoxycyclohe3rirl)-l • -methylvinyl]-23 . 25- 
dimetho^-13 . 19 . 21. 27-tetrainethyl-ll . 28-dioxa-4-aza- 

tt icyclo [22 . 3 . 1 . 0* ] oct acos-18-ene-2 . 3 . 10 , 16- 
tetraone ; 

17-Ethyl-l . l4==diliydro^-12-t2 • -<4"-hydro?y^3••-(3- 
thiophene)methosycyclohe^l)-l ' -inethylvinyll-23 . 25- 
dimetlxozy-13 . 19 . 21 . 27-tettainethyl-ll . 28-dioxa-4-aza- 

1:iicycloC22 .3.1. 0* .9Doctacos-18-ene-2 . 3 . 10 , 16- 

tetraone; 

17-Etliyl-l . 14-dihydroxy-12-t2 • -(4'>-(2-thiophene)o3Ey- 
3"-methoxycycloh«yl>-l • -niethylvinyl3-23 . 25-dimeth03cy- 
13 . 19 . 21 , 27-tetr amethyl-ll . 28-dioxa-4-azatr i cyclo- 
[22 . 3 *. 1 . 0* • 92octacQS-18-ene-2 .3.10. 16-t etr aone ; 

17-Ethyl-l . 14-d ilxydro^-12-[2 • -(4-- (2-benzotliienyl )- 
oxy-3"-iiiethoxycyclohexyl)-l '-methyl viiiyl]-23 . 25-dime- 

thoxy-13 , 19 . 21 . 27-tetramethyl-ll . 28-dioxa-4-azatri- 
cyclo-[22 .3.1.0* . 9] octaco8-18-ene-2 »3 , 10 . 16-tetraone ; 

17-Ethyl-l. 14-dihydroxy-12-[2' -(4"-(5-indolyl)oxy-3"- 
methoxycyclohexyl>-l • -inethylvinyll-23 .25-diInethoxy- 
13 , 19 . 21 , 27-tet ramethyl-11 . 28-dioxa-4-azat r icyclo- 
[22 . 3 ! 1. 0*«^3octacos-18-ene-2 .3 , 10, 16-tetraone ; 



17-Ethyl-l.lA-dinydroxy-12-[2'-(4"-(5-indOlyl)oxy-3" 
hydrosycyclohexyl )-l • -methyl vinyl] -23 , 25-dimeth03y- 
13, 19,21, 27-tetramethyl-ll,28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0* • 9]octacos-18-ene-2 ,3,10, 16-tetraone ; 

17-Ethyl-l, 14 . 20-trihydroxy-12-[2 • -<4"-(5-indolyl)- 
oxy-3"-methoxycyclohexyl)-l ' -inethylvinyl]-23 , 25-di- 
methoxy-13 , 19 , 21 . 27-tetrainethyl-ll , 28-dioxa-4-azatri- 
cyclo- [22 .3.1 .0^ » ^3 octacos-18-ene-2 ,3,10, 16-tetraone ; 

17-Ethyl-l, 20-dihydroxy-12-[2'-(4"-<5-indolyl)oxy-3"- 
methoxycyclohexyD-l • -methyl vinyl] -23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll ,28-dioxa-4-azatricyclo- 
[22 .3.1.0* . 9]octacos-18-eiie-2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l-hydroxy-12-[2'-(4"-C5^indolyl)oxy-3"- 
methoxycyclohexyl)-l • -methylvinyl]-23 ,■25-dimethoxy- 
13 , 19 , 21 , 27-tetramethyl-ll ,28-di.oxa-4-azat^icyclo- 
[22 . 3 . 1 . 0* . 93octacos-18-ene-2 ,3 , 10 , 16-tetraone ; 

17-Allyl-1.14-dihydroxy-12-[2«-(4"-(5-indolyl)oxy-3"- 
methosycyclohexyD-l '-methyl vinyl]-23 ,25^dimethoxy- 
13,19,21, 27-tetramethyl-ll ,28-dioxa-4-a2atricyclo- 
[22.3.1.0*' 9 ]octacos-18-ene-2 ,3,10, 16-tetraone ; 

17'-Allyl-1 , 14-dihydroxy-12-[2 • -(4"-(5-indolyl)oxy-3"- 
hydroxycyciohesyl)-l • -methylvinyl]-23 , 25-dimethoxy- 
13,19,21, 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
[22.3.1.0*' 9]octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 

17-Allyl-l,14,20-trihydroxy-12-[2'-(4"-(5-indolyl)- 
02y-3"-methoxycyclohe3yl)-l ' -methyl vinyl] -23 , 25-di- 
methoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-azatri- 
cyclo-[22 . 3 . 1 . 0* ' 5]octacos-18-ene-2 ,3 , 10 , 16-tetraone ; 
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17-Allyl-1.20-diliydro^-12-[2«-(4"-(5-indolyl>p3Qr-3"- 
metho^cyclohe^l >-l • -methylviiiyl] -23 . 25-dimetho^- 
13.19<21,27-tetrainethyl-ll,28-dioxa-4-azatricyclo- 
[22 . 3 ! 1 . 0^ . 9] octacos-18-ene-2, 3 . 10 . 16-tettaone ; 

17-Etbyl-l . 14-dihydro^-12-L2 •-<4"-<5-indolyl)03Qr-3"- 
ethoxycyclohe^QTl )-l • -methylvinyl] -23 . 25-dimeth03:y- 
13 . 19 . 21 .27-tetramethyl-ll . 28-diora-4-a2atricyclo- 
[22 . 3 . 1 . 0^ . 9loctacoe-18-ene-2 , 3 , 10. 16-tetr aone ; 

17-Allyl-1.14-diliydro3=y-12-[2'-(4"-(5-indolyl>oxy-3»- 
ethoxycyclohe^l>-l'-methylvinyl]-23,25-diineth03cy- 

13 . 19 . 21 , 27-tetrametbyl-ll . 28-dioxa-4-azatricyclo= 

[22 . 3 . 1 . 0* • ^ Joctacos-18-ene-2, 3 . 10 . le-tetraone ; 

17-Allyl-l-hydroxy-12-[2'-(4H-(5-indbLyX)oxy-3"^ 
methoxycyclohe^l)-l' -n^ethylvinylI-23 . 25-diiaetlio^- 
13 . 19 , 21 . 27-tetrainethyl-ll . 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0^ . 9 ] octacoa-18-eiie-2 . 3 , 10 . 16-tet raone ; 

17-Ethyl-l . 14-dihydro^-12-[2 .-(4"-Cl-N-inethyl-5- 
indolyl>03cy-3"-metho^cyclohexyl)-l'-methylvinyl]- 

23 . 25-dimethoxy-13 . 19 .21 .27-tetramethyl-ll .28-dio3ca-4- 
azatricyclo[22 .3 . 1 . 0^.9]octacos-18-ene-2. 3 .10 .16- 



tetr aone; 



17-Ethyl-l . 14-dihydro^-12-[2 • _<4"-Cl-N-methyl-5- 
iiidolyl)oxy-3"-hydroacycyclohe^l)-l'-inethylvinyl]- 

23 . 25-dimethoxy-13 . 19 . 21 . 27-tetraiDethyl-ll . 28-dioaca- 
4-azatricyclo[22 . 3 . 1 . 0* • ^3 octacos-18-ene-2. 3.10. 16- 

tetraone ; 
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17-Ethyl-l . 14. 20-trihydroxy-12-[2 • -(4"-<l-N-methyl-5- 
indolyl)oxy-3"-inethoxycyclohexyl)-l ' -methylvinyl]- 
23 . 25-diinethoxy-13 .19.21. 27-t et ramethyl-11 . 28-dioxa- 
5 4-azatricyclo[22.3.1.0^»^]octacos-18-ene-2,3a0,16- 

tetraone ; 

17-Ethyl-l , 14 . 20-trihydro^-12-[2'-(4"-(l-N-methyl-5- 
indolyl )oxy-3';-hydro^cyclohe^l)-l • -methylvinyl^- 
iO — 23T25^iiiiethoxy^l3fl9T2-l .-27-tetrainethyl-ll , ZS-dioxa- 
4-a2atricycloC22 .3.1.0* . 9]octacos-18-ene-2 .3 . 10 . 16- 
tetraone; 

l-7-Ethyl-l-r20-dihydroxy-12-[2 • -(4"-(l-N-inethyl-5- 

15 indolyl)oxy-3"-methoxycyclohexyl)-l '-methylvinyl]- 

23 , 25-diniethoxy-13 ,19.21, 27-tetrainethyl-ll , 28-dioxa- 
. 4-a£itr icyci^[2iZT3 . 1 . 0*»-93-octacos-18-ene-2 .3.10,16- 
tetraone; 

20 17-Ethyl-l. 20-dihydroxy-12-C2«-<4"-(l-N-methyl-5- 
indolyl>oxy-3"-hydroxycycloheaEyl)-l '-methylvinyl]- 
23 , 25-diinethoxy-13 , 19 , 21 . 27-tetrainethyl-ll . 28-dioxa- 
~4-az'a[tri'cyclo[22 . 3T1T0* .'9]octacos-18-ene-2. 3 . 10 , 16- 
tetraone; 

17-Allyl-l,14-dihydroxy-12-[2'-(4"-(l-N-methyl-5- 
indolyl )oxy-3"-methoxycyclohe3yl )-l • -methylvinyl]- 
23 , 25-dimethoxy-13 ,i9^l727^tf amethyl-llT28^dioxa- 
4-a2atricycld[22T3.lT0*«']octacos-18-ene-2.3.10.16- 

Vo tetraone; 
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17-Allyl-l . 14 . 20-tr ihydr03cy-12-[2 • -(4"-(l-lT-methyl-5- 
indolyl)oxy-3"-metho^cyclohexyl)-l • -methylvinyl]- 
23 , 25-dimetho3cy-13 .19 ,21 . 27-tetramethyl-ll , 28-di03ca- 
4-azatricyclo[22 .3.1.0* .9]octaco8-18-ene-2 .3 . 10 . 16- 
tetraone; 

1 7,Ailyl-l ■ 20-dibydroxy-12-[2 > -(4"-(l-Il-methyl-5- 
_ind_olyl)oxy-3"-iiiethoxycyclohexyl)-l'-inethylvinyl]- 
7^ 9i?_.linietIiosy-13. 19.21, 27-tet-ramethyl--ll,28-dioxa- 
4-izat r icycloI22 .3.1.0^.9] octacoB-18-ene-2 ,3.10,16- 
tetraone; 

-17=Ethyl--^l^hydro3gr-12-C2-t-(i^i^.Cl=S=mth^^^ 
oxy-3"-methoxycyclohexyl)-l '-inethylvinyl]-23 .25- 

dimetho^-13 . 19 . 21 ,27-tetramethyl-ll . 28-dioxa-4-a2a- 
tricycloC22.3 . 1 . o*» 5]octacos-18-eiie-2, 3 , 10 . 16- 
tetraone; 

I7-Ethyl-1 , 14-dihydro3qr-12-C2 • -<4"-Cl-N-methyl-5- 
indolyl)oxy-3"-ethoaycycloheaQrl)-l^-metliylvinyl]- 

23 . 25-dimetliosy-13 . 19 . 21 , 27-tetrainethyl-ll . 28-dioxa- 
4-azatricyclot22.3 .1.0*'9]octacos-18-ene-2, 3 , 10.16- 

tetraone ; 



17-Allyl-l , 14-dihydroxy-12-[2 r-(4"-(l-N-inetliyl-5- 
iiidolyl)o^-3"-ethoxycyclohexyl)-l • -methylvinylD- 
23 . 25-dimetho^-13 . 19 , 21 . 27-tetr amethyl-ll , 28-dioxa-4- 
azati:icyclo[22. 3 . 1 . 0*'9Doctacos-18-eiie-2 .3 . 10. 16- 
30 tetraone; 



wo 93/05058 



PCT/US92/07508 



- 285 - 



10 



15 



20 



25 



17-Ethyl-l , 14-d ihyd r oxy-12- [2 • - ( 4"- ( l-N-ethyl-5- 

indolyl)o3cy-3."-etboxycycloheacyl)-l'-methylvinyl3- 

23 . 25-diinethoxy-13 ,19,21. 27-tet ramethyl-11 , 28-dioxa-4- 

azat r i cyclo [22 . 3 . 1 . 0^ • ^ ] octacos-18-ene-2 ,3.10,16- 

tetraone; 

17-Allyl-l-hydroacy-12-[2'-(4"-(l-N-inethyl-5-indolyl)- 
oaEy-3"-inethoxycyclohexyl)-l • -methyl vinyl] -23 , 25- 
dimethoarsr-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tricyclo [22 . 3 . 1 . 0* • ^ ] octacos-18-ene-2 ,3,10,16- 
tetraone ; 

1 7-Eth yl-l . 14-dihydro3Ey-12-[2 ' - < 4''-< 1-N-methy 1-5- 
indolyl)oxy-3"-allyloxycyclohexyl>-i • -methylvinyl]- 
23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa- 
4-azatricyclo[22 .3.1. 0^ '^-]GCtacos-18-ene-2 ,3,10.16- 
tetraone; 

17-Ethyl-il-hydroxy-12-[2'-<4"-<l-N-methyl-5-indolyl)- 
03Ey-3"-allyloxycyclohe3cyl)-l^ -inethylviiiyl]-23 . 25- 
dimethoacy-13 . 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4-aza- 
tr icyclo[22 .3.1.0*' 9]octacos-18-ene-2 ,3,10, 16- 
tetraone; 



17-Ethyl-l . 14-dih ydroxy-12-C2'-(4"-(l-N-methyl-5- 
indolyl )o^3"-n-propyloxycyclohexyl )-l ' -methyl vinyl] - 
" 23 ,25-dimethoxy-13 , 19 ,21 . 27-tetramethyl-ll . 28-dioxa-4- 
azatricyClo[22 .3.1.0* . 9]octacos-18-ene-2 ,3.10,16- 
30 tetraone; 
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17-Ethyl-l-bydro^-12-C2'-<4-(l-N-methyl-5-xndolyl^ 
03cy-3"-n-propylo^cyclohexyl)-l • -methylvxnyl]-23 . 25- 

diinetho^-13 .19 ,21 . 27-tetrainethyl-ll . 28-dio^a-4-a2a- 
tr icyclo[22 .3.1. 0* '9]octacos-18-ene-2 . 3. 10. 16- 
tetraone; 

-17=Ethyl-l. 14-dihydro^-12-[2 .-(4"-(l-N-methyl^5- 
indolyl)oKy-3"-i-propylosycyclohe^l)-l • -methylvxnyll- 

23 25-dimethoxy-r3Tl9.Tl.-27^tr-^e^^^^^ 
azltricyclo[22.3.1.0*'9]octacos-18-ene-2.3. 10,16- 

tetraone; 

r7~-^i^^-l ,T43di^lE6^12-E2 • --C4"-(l-N-ethyl-5- 

indolyl)o^-3"-nietIio^cyclohexyl)-l'-inethylvinyl]- 

23 25-diinetlioxy-13 . 19 . 21 . 27-tetr amethyl-11 . 28-dioxa-4- 

azatricyclo [22 . 3 . 1 . 0^ ] octacoB-18-ene-2 , 3 , 10 . 16- 

tetraone; 

17-Ethyl-l . 14, 20-trihydro^-12-C2 • -<4"-Cl-N-ethyl-5- 
i^dolyl)oxy-3••-metlloxycyclohexyl )-l ' -methylvinylD- 
23 . 25-diinethoxy-13 . 19 . 21 . 27-tetrainethyl-ll . 28-dioxa-4- 
azat r icyclo i:22 . 3 . 1 . 0* . 9] octacoB-18-eiie-2 , 3 . 10 . 16- 
tetraone; 



l7-Et^l-l,20-dihydro3iy-12-C2'-(4"-Cl-N-ethyl-5- 
Ind^lyl)o^-3"^ettoxycyclohexyl)-l'-inethylvinyl]- 
23 . 25-dimetfao^-13 . 19 . 21. 27-tetramethyl-ll . 28-dioxa-4- 
azitricycloC22.3 . 1. 0^' 9]octacos-18-ene-2 , 3 ,10 ,16- 
3Q tetraone; 
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17-Ethyl-l , 14-d ihyd roxy-12- [ 2 • - ( 4"- ( l-N-ethyl-5- 
indolyl)o^-3"-hydroxycyclohe^l)-l ' -methylvinyl]- 
23 . 25-dimethoxy-13 , 19 . 21 , 27-tetramethyl-ll , 28-dioxa-4- 
5 azatr icyclo[22 .3.1.0^ . 9]octacos-18-ene-2 ,3.10 ,16- 
tetraone; 

17-Allyl-l,14-dihydroxy-12-C2«-(4"-(l-N-ethyl-5- 
indolyl ) oxy-3 "-me thoxycyclohexyl )-l-'^niethylvinyl] - 

10 23-,-25-dimetli03cy=13 . 19 ,21 , 27-tetramethyl-ll ,-28-dioxa- 

4-azatricyclo [22 . 3 . 1 . 0* » 9]octacos-18-ene-2 ,3,10,16- 
tetraone; 

17-Allyl-l,14,20-trihydroxy-12-[2'-<4"-(l-N-ethyl-5- 

15 indolyl)oxy-3"-methosycyclohesyl)-l'-methylvinyl]- 

23 , 25-dimethoacy-13 , 19 , 21 , 27-tetxamethyl-ll , 28-dioxa- 
4-azatricyclo[22 .3.1.0^' 9]octacos-18-ene-2 ,3,10,16- 
tetraone; 

20 17-Allyl-l ,20-dihydroxy-12-[2 •-(4"-(l-N-ethyl-5- 

indolyl)oxy-3*'-meth03iycyclohe^l)-l ' -methyl vinyl] - 
23 , 25-dimethoacy-13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa- 
-4-a2atr icyclo[22 .3.1. 0-l»-?-]octacos-18-ene-2 ,3,10, 16- 
tetraone; 

25 

17-Allyl-l , 14-dihydroxy-12-[2 •-(4"-(l-N-ethyl-5- 
indolyl)oxy-^3"-hydroxycyclobexyl)-l • -methyl vinyl] - 
23 , 25-dimethoxy-13 ,19,21, 27-tet ramethyl-ll,-28-dioxa-4- 
a2atricyclo[22 .3.1.0^' ^]octacos-18-ene-2, 3 . 10 ,16- 
30 tetraone; 
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17-Ethyl-l-hydroxy-12-[2'-(4"-(l-N-ethyl-5-indolyl>- 
oxy-3"-inethoxycyclohexyl)-l • -inetliylvinylJ-23 , 25- 
diineth03ty-13. 19 . 21. 27-tetrainethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 .3 .1.0* . 9]octacos-18-eiie-2 , 3 ,10 , 16- 
tetraone; 

17-Allyl-l- hydro3y-12- [2 • _(4"-(l-N-ethyl-5-iiidclyl)- 
^^'-methoxycyclohe^l ) -1 • -inethylvinyi]-23 . 25- 
'di15^thb3^-137r9T21T27-t€trainethyl-l^ . 28-dioxa-4-aza- 
tricycloC22 . 3 . 1 . 0*' 53octacos-18-ene-2 . 3 . 10 , 16- 
tetraone ; 

17-Allyl-l . 14-dihydroxy-12-[2 • -<4"-a-N-ethyl-5- 
indolyl ) oxy-3 • --etboxycydobexyl )-l ' -methylvinyll- 
23 . 25-diinetho3y-13 , 19 .-21 . 27-tetramethyl-ll , 28-dioxa- 
4-azatf icycloC22 .3.1.0*' 9 joctacos-18-ene-2 ,3,10. 16- 
tetraone ; 

17-Etliyl-l . 14-dihydroxy-12-C2 • -(4"-<l-N-propyl-5- 
indolyl ) oxy-3 "-inethoxycyclohesyl ) -1 ' -methylvinyl] - 
23 . 25-dimethoacy-13. 19 . 21 ,27-tetramethyl-ll . 28-dioxa- 
A-azat r icydo [22 .3 . 1 . 0* » 9 ] octacos-18-eiie-2 ,3,10.16- 
tetraone; 

17-Ethyl-l . 14 . 20-trihydroxy-12-[2 .-(4"-(l-N-propyl-5- 
indolyl)oxy-3"-inethoxycyclohexyl)-l • -methylvinyl] - 
23 .25-diinethoxy-13.19.21.27-tetramethyi-ll .28-dioxa- 
4-azat^icyclo[22.3,1.0*•9]octacos-lB-ene-2,3.10.16- 

30 tetraone ; 



20 
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17-Ethyl^l.20-dihydroxy-12-[2'-<4"-(l-N-propyl-5- 
indolyl)o2y-3"-meth03ycyclohexyl)-l ' -methylvinyl]- 
23 , 25-dimeth03iy-13 , 19 , 21 , 27-tetraiiiethyl-ll , 28-dioxa- 
5 4-azatricyclo£22 .3.1. 0*'^3octacos-18-ene-2 ,3,10,16- 
tetraone; 

17-Ethyl-l,14-dihydroxy-12-[2'-<4"-<l-N-propyl-5- 
indolyl >oxy-3"-hydroaEycycrc)Kexyl )--l ' ^methylvinyl] - 
- J23 r25-di'nietKbSy-13 . 19 .21 . 27-=tetrainethyl-ll ,-28^dioxa- 
4-azatricyclo[22 .3.1.0^' 9]octacos-18-ene-2 ,3.10,16- 
tetraone; 

17-Ethyl-l ,14 , 20-t rihydroxy-12- [ 2 • -< 4"- ( 1-N-pr opyl-5- 
15 i nd oly 1 ) oxy-3 "-hy d r oxy cy c lohexy 1 ) -1 • -inethyl vinyl ] - 

23 , 25-dimethoxy-13 ,19 , 21 , 27-tetramethyl-ll . 28-dioxa- 
4-azatricyclo[22 .3 . 1 . 0^' ^-]octacos-18--ene-2 , 3 , 10 , 16- 

tetraone; 

20 17-Ethyl-l , 20-dihydroxy-12-C2 • -(4"-<l-N-propyl-5- 
indolyl ) oxy-3 "-hydroxy cyclohexyl )-l • -methyl vinyl ] - 
23 , 25-diinethoxy-13 , 19 , 21 , 27-tetrainethyl-ll . 28-dioxa- 
-4-azatr icyclo[22 .3,1.0*' 9]octacos-18-ene-2 . 3 . 10 , 16- 
tetraone; 

25 , , 

17-Allyl-l,14-dihydroxy-12-[2'-(4"-(l-N-propyl-5- 

"indolyr)oxy=3"-methoxycyclohexyl )-l • -methylvinyl ]- 

23 . 25-diniethoxy-13 , 19 . 21 , 27-tetrainethyl-ll . 28-dioxa-4- 

azatr icyclo[22 . 3 . 1 .0* • 9]octacos-18-ene-2 , 3 , 10 , 16- 

30 tetraone; 



wo 93/05058 



PCT/IJS92/07508 



- 290 - 



10 



15 



20 



25 



17-Allyl-l . 14. 20-trihydroxy-12-C2 ' ^(4"-<l-N-piopyl-5- 

indolyl)oxy-3"-methoxycyclohexyl)-l'-methylvinyl]- 

23 . 25-diinethoacy-13 . 19 .21, 27^tet ramethyl-ll . 28-dioxa-4- 

azatr icycloC22 .3.1.0^. 9]octaco8-18-ene-2 .3.10,16- 

tetraone ; 

17-Allyl-l . 20-dihydroxy-12-[2 • _(4"-(l-N-propyl-5- 
indolyl)03y-3"-methoxycyclohe^l)-l'-methylvinyl]- 
-23 . 25-dimetho^-^13 ;.19T2t; :27-tetramethyl-ll . 28-dioxa-4- 
azatr icydo [22 . 3 . 1 . 0* • 9] oct acos-18-ene-2 ,3 .10.16- 
tetraone ; 

_l-7-=Allyl-l . 14^dihydroxy-12-[2 ' -(4"-(l-N-propyl-5- 
indolyl)oxy-3"-hydroxycyclohexyl>-l'-metbylvinyl]- 
23 . 25-dimeth02y-13 . 19 . 21 . 27-tetrainethyl-ll . 28-dioxa- 
4-azatricycloC22 . 3 . 1 .0*. 9]octaeos-18-ene-2 . 3 . 10 . 16- 
tetraone; 

17-Ethyl-l-liydroxy-12-[2'-(4"-(l-N-propyl-5-indolyl)- 
oxy-3"-inethoxycyclobexyl>-l'-methylvinyl]-23 .25- 
diineth02y-13 .19.21. 27-tetr amethyl-H . 28-dioxa-4-aza- 
tricycloI22. 3 . 1 . 0*»9]octacos-18-eiie-2, 3 . 10 . 16- 
tetraone; 

— 17-Allyl--l-.hydrosy-12-t2'-(4"-(l-N-propyl-5-indblyl)- 



oxy-3"-methbxycyclohexyl-)=l ' -iiietIiylvinylD-23 . 25- 
diinethoxy-13 . 19 . 21.27-tet:ramethyl-ll .28-dios:a-4-a2a- 
tricycloC22. 3 . 1 . G^' ^ Joctacos-18-ene-2.3 . 10 . 16- 
3Q tetraone; 
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17-Ethyl-l , 14-dihydroxy-12-[2 ' -(A^'-d-N-propyl-S- 
indolyl )oxy-3"-ethoxycyclohexyl )-l ' -methylvinyl] - 
23 , 25-dinieth035y-13 . 19 . 21 , 27-tetrainethyl-ll , 28-dioxa-4- 
5 a2atricyclo[22 . 3 . 1 . 0* » 93octacos-18-en€-2 ,3,10, 16- 
tetraone; 

17-Allyl-l , i4-dihydroxy-12-C2 • -(4•'-(l-N-propyl-5- 
i nd oly 1 ) oxy-.3 • '- e t hoxy cy c lohexyl ) -1 • -met hy 1 vi ny 1 ] - 
.10 J _23 , 25HdimethQxyr:l-.3 ,:19 , 21 . 27-tetrainethyl-ll ,-28-dioxa- 
4-a2atricyclo[22 .3.1. 0*» ^]octacos-18-ene-2, 3 , 10, 16- 
tetraone; 

17-Ethyl-l , 14-dihydroxy-12-C2 ' -(4"-(l-N-allyl-5- 

15 indolyl)oxy-3"-methoxycyclohexyl)-l'-jnethylvinyl]- 

-23 725^dimethoxy-13 ,19 , 21 , 27-tetrainethyl-ll , 28-dioxa- 
" 4-azatricyclo[22 .3.1 . 0^ • ^ joctacos-l8-ene-2 , 3,10, 16- 
tetraone; 

20 17-Bthyl-1.14,20-trihydroxy-12-[2'-(4"-(l-N-aliyl-5- 
indolyl )oxy-3 "-methoxycyclobeaqrl )-l • -methylvinyi] - 
23 , 25-dimethoaEy-13 , 19 , 21 , 27-tetrainethyl-ll . 28-dioxa- 
4-azatricyclo[22 .3.1.0^ » 9]octacoe-18-ene-2 ,3,10, 16- 
tetraone; 

25 

17-Ethyl-l, 20-dihydroxy-12-[2 •-(4"-(l-N-allyl-5- 
-indoiyl)oxy-3"-inethoxycyclche:^l)-l » -me thy 1 vinyl ]- 
23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dio3ca- 
4-a2atricyclo[22 .3 . 1 . 0^» ^3octacos-18-ene-2 ,3,10, 16- 
30 tetraone; 
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17-Etliyl-1.14-dihydroxy-12-C2'-<4"-(l-N-allyl-5- 
indolyl)03qr-3"-hydroxycyclohexyl>-l'-inethylvinyl]- 
23 . 25-dimethoxy-13 . 19 .21 ..27-t etramethyl-ll . 28-dioaca- 
4-azatricyclo[22 .3.1. 0*' 9]octacos-18-ene-2 . 3 . 10 , 16- 
tetraone; 

17-Ethyl-1.14.20-trihydroxy-12-[2'-<4"-(l-N-allyl-5- 
indolyl)oxy-3"-hydroxycyclohexyl)-l • -met-hyl-vinyl]- 
23 ,.25^dimethoxyr-13 ,il9 . 2-1 . 27-tetr-aBiethyl-ll . 28-dioxa- 
4-azatricyclot22 . 3 . 1. 0* • 93octacos-18-ene-2 , 3 , 10 . 16- 
tetraone; 

17-Ethyl-l . 20-dihydro^-12-C2 • -(4••-(l-N-allyl-5- 
indolyl)oxy-3"-hydrozycyclohesyl)^l • -methylvinylj- 
23 . 25-dimethoxy-13 , 19 . 21. 27-tetiainethyl-ll , 28-dioxa- 
4-azatricycloE22 .3.1. 0*» 9]octacos-18-ene-2 ,3.10, 16- 
tetraone; 

17-Allyl-l . 14-dihydro3cir-12-C2 » -(4"-(l-N-allyl-5- 
indolyl)oxy-3"-iiie1:hoxycyclohexyl)-l'-inethylvinyl3- 

23 . 25-dimeth03Qr-13 .19 , 21 , 27-tetrainethyl-ll , 28-dioxa. 
4-azatr icycloC22 . 3,-1 .0*' 5:3octacos-18-ene-2 . 3,10 . 16- 

tetraone; 



17^11yl-1.14.20-tribydroxy-12-[2'-<4"-<l-N-allyl-5- 
indolyl)oxy-3"-niethoxycycloheacyl)-l ' -me thy 1 vinyl ]- 
23 . 25-dimeth03Ey--13-.-19-.-21-v27-t-etxainethyl-ll . 28-dioaca- 
4-azatricycl6E22 .3.1. 0^' 9]octacos-18-ene-2 , 3 . 10, 16- 
30 tetraone; 
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17-Allyl-l , 20-dihydroxy-12-[2 •-(4"-(l-N-allyl-5- 
indolyl)03cy-3"-methoxycyclohexyl)-l • -methylvinyl]- 
23 , 25-dimethoxy-13 . 19 , 21 . 27-tetrainethyl-ll , 28-dio2:a- 
5 4-azat r icyclo[22 .3.1.0* . 9]octacos-18-ene-2 ,3,10,16- 
tetraone; 

17-Allyl-l,lA-dihydroxy-12-[2«-(4"-<l-N-allyl-5- 
indolyl )oxy-3 "-hydroxy cyclohexyl ) -i'^methylvinyl ] - 
10 -:23..25r-jdime.thoxy-13 , 19 , 21 , 27-tetramethyl-ll .^B-dioxa-A- 
azat r icyclo [22 . 3 . 1 . 0* » 9] octaco8-18-ene-2 ,3,10, 16- 
tetraone ; 

17-Ethyl-l-hydroxy-12-[2»-<4"-<l-N-allyl-5-indblyl)- 
15 oxy-3"-methoxycyclohexyl)-l •-methylvinyl]-23 , 25- 

dimeth03iy-13 ,19 , 21 , 27-tet ramethyl-11 , 28-dioaca-4-a2a- 
tricyclo[22 . 3 . 1 . 0* ' 9]octacos-18-ene-2 ,3 , 10 , 16- 

tetraone; 

20 17-Allyl-l-hydroxy-12-[2 • -<4"-<l-N-allyl-5-iBdolyl)- 
osy-3"-metho3cycyclphexyl)-l '-inethylviTiyl3-23 ,25- 
dimeth03ty-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aza" 
- -tr icyclo [22 . 3 . 1 . 0* • ^ ] octaco8-18-eiie-2 ,3,10,16- 
tetraone; 

25 

17-Ethyl-l,14-dihydro3y-12-[2«-(4"-(l-N-allyl-5- 
indolyl)oxy-3"-etho^cyclohexyl)-l • -methyl vinyl ]- 
-23T25-dimethoxy-13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa- 
4-azat r i cyclo [22 . 3 . 1 . 0* » ' ] octacos-18-ene-2 ,3,10,16- 
3 0 tetraone; 
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17-Allyl-1.14-dihydt02y-12-[2'-(4"-(l-N-allyl-5- 
indolyl)oxy-3"-ethoxycyclohexyl>-l'-methylviiiyl]- 
23 , 25-dimethoxy-13 . 19 . 21 , 27-tetrainethyl-ll . 28-dioxa- 
4-azatricyclo [22. 3 . 1 . • 93octacos-18-ene-2 . 3 , 10 , 16- 
tetraone; 

17-Ethyl-l . 14-diliydr oxy-12- [2 • -(4"-< l-N-2-hydro^- 
ethyl-5-indalyl)o^3"=mfetlioxycyclohexyl-)-l '-methyl 
iVinyl] '23725-d±meth03qr-13Tl9T^2iTr27-tet . 28- 

dioia-4-azatr icyclot22 .3.1.0*. 9]oci:acos-18-ene- 
2 , 3 . 10 , 16-tetraone ; 

17-Ethyl-l . 14,20-tr ihydro:iy-12-C2 • -(4"-<l-N-2-hydro2y- 
ethyX-5-indolyl)oxy-3"-inethoxycyclohesyl>-l • -methyl- 
vinyl] -23 . 25-dimethoxy-13 . 19 . 21 . 27-t etramethyl-ll . 28- 
dioxa-4-a2atr icyclo [22 . 3.1. 0^' 9 joctaco8-18-ene- 
2 , 3 , 10. 16-tetraone; 

17-Ethyl-l . 20-dihydroxy-12-[2 « -<4"-Cl-N-2-hydroxy- 
ethyl-5-indolyl)oxy-3"-methoxycyclohe3cyl>-l • -methyl- 
vinyl3-23 , 25-dimethosy-13 . 19 , 21 . 27-tetramethyl-ll . 28- 
dioxa-4-a2atricycloC22. 3 - 1. 0* • 9]octacoE-18-ene- 
2 ,3 . 10 , 16-tetraQne ; 

17-Ethyl-l . 14-dihydroxy-12-[2 • -(4"-(l-N-2-bydroxy- 
ethyl-5=indolyl-)oxy-3"-hydroxycyclohexyl)-l • -methyl- 
-vihyl]-23 .:25^dimethoxy-13 . 19 , 21v27-tetramethyl-ll .28- 
diosa-4-a2atr icyclo[22 .3.1.0* . 9]octacos-18-ene- 
2, 3 .10 . 16-tetraone; 
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17-Ethyl-l . 14, 20-trihydroxy-12-[2 ' -(4"-<l^N-2-hydroxy- 
ethyl-5-indolyl)osy-3"-hydroxycyclohe2Qrl)-l ' -methyl- 
vinyl]-23 , 25-diinethoxy-13 ,19,21, 27-tetramethyl-ll , 28- 
dioxa-4-azatricyclo[22 . 3 . 1 . 0^ » 9]octacos-18-ene- 
2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l,20-dihydro3cy-12-[2 •-(4"-(l-N-2-hydroxy- 
ethyl-5-indolyl)b^^3"-hydr^^cycloEe^l>-l • -methyl- 
Zlvinyl3-•f23T25=dilnetilOxy-13 ,-19T2i , 27--tetraniethyl-^ia . 28- 
dioxa-4-azatricyclo[22 .3.1.0^* 9]oictacos-18-ene- 
2,3,10, 16-tetraone ^ 

17-Allyl-l. 14-dihydro3ty-12-[2 '-<4••-(l-N-2-hydroxy- 
ethyl-5-indolyl)o^-3"-methoaEycyclohexyl)-l • -methyl- 
vinyl]-23 , 25-dimethoxy-13 , 19 , 21 , 27-tetramethyl-ll , 28- 
dioxa-4-azatricyclo[-22T3 .1.0* • 9]octacos-18-ene- 
2 , 3 , 10 , 16-tetf aone ; 

17-Allyl-l, 14-dihydroxy-12-[2 '-<4"-(l-N-2-hydroxy- 
ethyl-5-indolyl)oxy-3"-hydroxycycloh€xyl)-l ' -methyl- 
vinyl3-23 , 25-dimethoaty-13 , 19 , 21 , 27-tetramethyl-ll , 28- 
dioxa-4-a2atr icyclo[22 .3.1.0*' 9]octacos-18-ene- 
2 , 3 , 10 , 16-tetraone; 

17-Ethyl-l , 14-d ihydroxy-12- [ 2 ' - < 4"- ( l-H-benzyl-5- 
-indolyl)osy-3"-methoxycyclohe3£yl)-l ' -methylvinyl]- 
-23 , 25-dimethoxy-13 ,19 ,21 , 27^tetramethyl-ll , 28-dioxa-4- 
azatricyclo[22 .3.1.0* » 9]octacos-18-ene-2 ,3,10, 16- 
tetraone: 
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17-Ethyl-1.14.2d-trihydroxy-12-[2'-<4"-<l-N-benzyl-5- 
indoIyl)oxy-3"-metho^cyclohexyl>-l • ^methylvinyl]- 
23 . 25>diinetboxy-13 , 19 ,21 . 27-t etramethyl-ll , 28^dioxa-4- 
azatricycloE22,3.1.0^»9]octacos-18-ene-2.3. 10.16- 

tetraone ; 

17-Ethyl-l . 20-dihydro^-12-[2 ■ ^(4"-(l-N-benzyl-5- 
indolyl)oxy-3"-methoxycycl5he3cyl)-l-'-metbylviiiyl]- 

23v25^dimetho^5. 19 ,2i;27-t-e-t-ramethyl-l^^ 

azatr i cycle [22 . 3 . 1 . 0^ -92octacos-18-ene-2 . 3 . 10 . 16- 

tetraone; 

-l-7-Ethyl-1.14-dihydro^-^12-L2'-(4"-(l-N-beiizyl-5- 
ixidolyl)o3Qr-3"-hydroxycyclohexyl)-l'-methylvinyl3- 
23 . 25-diinethoxy-13 .19 . 21, 27-tetxamethyl-ll . 28-dioxa- 

-4-azatr icyclaC22 .3.1 . 0* .9]bctacos-18-ene-2 . 3 , 10 . 16- 
tetraone; 

17-Etbyl-l,14.20-trihydto:qr-12-[2«-(4"-(l-N-benzyl-5- 
indolyl)oxy-3"-bydroxycyclohesyl)-l'-inethylviiiyl3- 
23 . 25-dimethoxy-13 ,19 . 21 , 27-t etramethyl-ll , 28-dio3Ea- 
-4^azat-rrcycloC22. 3 . 1 .0^' 93octaco8-18-ene-2 . 3 . 10 . 16- 

tetraone ; 

17-Ethyl-l . 20-dihydroxy-12-i:2 • -(4"-(l-N-benzyl-5- 
indolyl)oxy-3f^-hydr6xycyclohe3cyl)-t'-methylvin^ 

23 . 25-dimetho^^37l9 . 21 . 27-tetramethyl-ll . 28-d ioxa- 
4-azatricycloC22 . 3 .1 . 0*.9]octacos-18-ene-2 . 3 . 10 , 16- 

tetraone; 
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17-Allyl-l,lA-dihydroxy-12-[2«-(4"-(l-N-benzyl-5- 
indolyl)o3cy-3"-inethoxycyclohexyl)-l ' -methylvinyl]- 
23 , 25-dimeth03Ey-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
5 4-azatricyclo[22 .3.1. 0^. 93octacos-18-ene-2 ,3 , 10 ,16- 
tetraone; 

17-Allyl-l,14,.20-trihydroacy-12-[2'-(4"-<l-N-ben2yl-5- 
iiidolyl)oxy-3"-methoxycyclohe3yl)-l • -methylvinyl]- 
10 r--23T25-dimetho3qFl3:;:19:,21,27-^tetramet^^^ 

4-azatri cycle [22 . 3.1. 0^' ']octacos-18-€ne-2 , 3 , 10 , 16- 
tetraone; 

17-Allyl-l,20-dihydroay-12-[2'-(4"-(l-N-benzyl-5- 
15 indolyl)oxy-3"-methoxycyclohexyl)-l '-methylvinyl]- 

23 , 25-dimethoSy-13 ,19,21, 27-tetramethyl-ll , 28-dioxa- 
4-^azatri cycle [22 .3.1.0*' 9 ]octacos-18-ene-2 , 3 , 10 , 16- 
tetzaone; 

20 1 7-Allyl-l , 1 4-d ihy droxy-12- [2 • - < 4"- ( l-N-benzyl-5- 
indolyl ) oxy-3 "-hyd r oxycy clohexyl ) -1 • -methy Ivinyl ] - 
23 , 25-dimethoacy-13 , 19 , 21 , 27-tetramethyl-ll , 28-dioaca- 
4-azatricyclo[22 .3.1.0* . 9]octacos-lB-ehe-2 ,3 , 10 , 16- 
tetraone; 

25 

17-Ethyl-l-hydroxy-12-[2'-(4"-<l-N-benzyl-5-indolyl)- 
— oxy-3"-methoxycyclohexyl-)-l-' -^methyl viiiyl3-23 , 25- 
dimeth03cy-13 , 19 , 21 , 27-tetraiaethyl-ll , 28-dioxa-4-aza- 
tricyclo[22 .3.1. 0* » 9joctacos-18-ene-2 , 3 , 10 , 16- 
30 tetraone; 
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17-Allyl-l-hydroxy-12-C2'-<4"-(l-N-benzyl-5-indolyl)- 
oxy-3"-inetboxycyclohexyl)-l ' -metliylvinyl]-23 . 25- 
diinethoxy-13 , 19 . 21. 27-tetraniethyl-ll . 28-dioxa-4-aza- 
t r icyclo 1:22 .3.1.0^ ♦^l octacos-18-ene-2 ,3.10.16- 
tetraone; 

17-Ethyl-l .14-dihydro^-12-[2 • -(4"-(l-N-ben2yl-5- 
indolyl)o^-3"-ethoxycyclohexyl)-l • -methylvinyll- 
23 -25-difflethoxy-13 . 19 r21-r27-tetfISetfi^^ 
4^a2!atricycloC22.3.1.0*.9]octac6s-18-ene-2.3.10.16- 

tetraone; 

-l-7-Al-lyl-l-.-14-dibydroxy-12-C2'-<4"-Cl-^^^ 
indoly 1 ) oxy-3 • '-etboxycyclohe^l >-l ' -methyl vinyl] - 
23 . 25-diiuethoxy-13 . 19 .21 . 27-tetr anethyl-ll . 28-dioxa- 

4- azatricycloI22.3 . 1,0^. 93octacos-18^ene-2. 3 , 10 . 16- 
tetraone; 

17-Etbyl-1.14-dihydroxy-12-[2'-(4"-.(l-N-cyclopropyl- 

5- indolyl)oxy-3"-metho3cycycloheacyl)-l • -methylvinyl3- 
23 ,25-dimetboxy-13 . 19 . 21 . 27-tetrainethyl-H . 28-dio3ca- 
4-azatricyclo[22. 3.1.0* • 9DoctacoB-18-ene-2 .3.10. 16- 
tetzaone ; 

17-Etbyl-l.-14-dihydxoxy-12-[2'-<4"-(l-N-cyclopropyl-5- 
- — i-Bdolyl)oxy-3"-hydtoxycyclohexyl)-l • -methylvinyl]- 
23. 25-dimetho2y-13 , 19 , 21 . 27-tetramethyl-ll , 28-dioxa- 
4-a2atr icyclo 122 . 3 . 1. 0* • 9] octacos-18-eiie-2 . 3 .10 , 16- 
30 tetraone; 



20 
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17-Allyi-1.14-dihydroxy-12-[2'-<4"-'(l-N-cyclopropyl-5- 
indolyl)oacy-3"-methoxycyclohexyl)-l • -methylvinyl]- 
23 . 25-dimethoxy-13 . 19 . 21 . 27-tetraiiiethyl-ll . 28-dioxa-4- 
azatr icyclo [22 . 3 . 1 . 0^ • 9] octacos-18-ene-2 .3.10.16- 
tetraone; 

17-Allyl-l,14-dibydroxy-12-C2'-(4"-<l-N-cyclopropyl-5- 
indolyl)oxy-3"-hydro3cycyclobexyl)-l ■ -methylvinyl]- 
"23-25--dimethoxy-13 .-19v2i:. i^-tetrainethyl-ll . 28-dioxa-4- 
azatr icyclo[22 . 3 . 1 . 0* . 9]octacos-18-ene-2 ,3.10.16- 
tetraone ; 

-1-7-Ethyl-l . 14-dihydroxy-12-[2 •-(4"-<l-N-cyclopropyl-5- 
iiidolyl)oxy-3"-ethoxycyclohexyl)-l'-inethylvinyl3- 
23 . 25-dimethoxy-13 . 19 .21 . 27-tetramethyl-ll , 28-dioxa-4- 
azatr icyclo [22 .3.1.0* . 9]octacos-18-ene-2 . 3 . 10 . 16- 
tetraone; 

17-Allyl-l,14-dihydroxy-12-[2'-(4"-(l-H-cyclopropyl-5- 

indolyl)oxy-3"-ethoxycyclohexyl)-l ' -methylvinyl3- 

23 .25-dimethoxy-13. 19 .21 .27-tettamethyl-ll .28-dioxa-4- 

azatri cyclo[22 . 3 . 1 . 0* . 9] octacos-18-ene-2 . 3 , 10 . 16- 

tetraone; 



17-Ethyl-l-hydroxy-12-[2"-(4"-(l-N-cyclopropyl-5- 
iiidolyl)oxy-3"-methoxycyclohexyl)-l • -methyl vinyl ]- 
23 . 25-dimethoacjr^l3 . 19 . 21 . 27-tetramethyl-ll . 28-dioxa-4- 
azatricyclo[22 .3 . 1 . o4 • 93octacoB-18-ene-2 . 3 . 10 . 16- 
30 tetraone; 
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17-Allyl-l-lxydro^-12-[2 • -(4.--(l-N-cyclopropyl-5- 

23 . 25-dimetlio^-13 . 19 .21. 27-tetrainethyl-ll . 28-dioxa 
4-a2atr icycloI22 .3.1.0^. 93octaco8-18-ene-2 .3.10. 16- 
tetxaone ; 

17-Etlxyl-l-liydro^-12-[2.-(4..-metho^-N-tryptophanyl- 

caxbonylMetho^-3"--tho=^cyclo.e=:yl^^^^ 

23 -25^dimetho^^l3sl9,21-r2-7-tetrametbyl-11.28-diOKa 4- 

a2itiicycloI22. 3. 1 . 0*. 9]octacos-I8-ene-2. 3 . 10 . 16- 

tetraone; 

-17=Ethyl-l-hydr-o=^-12^-C2 • -C4..-3-indolylethylainino- 
carbonyliaetho^-3.'-methosycyclohe^l)-l'-»ethylv.nyl]- 
23 25-diinetho^-13 . 19 . 21 . 27.tetxametbyl-ll . 28-dxoxa-4- 

azatr icyclo C22 .3 . 1. ' ^3 octa^ os-18-ene-2 .3.10.16- 

tetraone ; 

17-Etbyl-1.14-dihydro^-12-[2'-C4"-<l-C3-bydro^- 
propyl)indol-5-yl)oxy-3"-metho^cyclobe^l)-l'-Hiethyl- 

vinyl] -23 . 25^dimethoxy-13 . 19 . 21 .27-tetr amethyl-11 . 28- 
dioxa^4-azatricycloC22.3^l.G^.9]oc1:aGOS-18-ene- 

2 .3 , 10, 16-tetraone : 



17-Ethyl-1.14-dibydro^-12-C2.-(3"-bydro^^4"-(l- 
bydr-Gxyetbylindol-5-yl)o^cyclobe^l)-l • -metbylvxnyl - 
23 25-dimetbo^-13.19,21,27-tetrainetbyl-11.28-dxoxa-4- 
azatr icycloU22 .3.1. 0^ octacos-18-ene-2 .3.10.16- 
30 tetraone; 
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* 17-Ethyl-l ,14-dihydroxy-12-[2«-(4"-(l-hydroxyethyl- 

indol-6-yl)oxy-3"-inethoxycyclohexyl)-l ' -methylvinyl]- 
<■• 23 , 25-dimethoxy-13 , 19 , 21 , 27-tetraiDethyl-ll ,28-dioxa-4- 

5 azatr icyclo[22 .3.1.0^* 9]octaco8-18-ene-2 , 3 , 10 , 16- 
- tetraone; 

17-Ethyl-l , 14-dihydroacy-12-[2 '-(A'^-Cl-methylindol-e- 
yl ) oxy-3 "-methoay cyclohexyl )-l ' -methyl vinyl ] -23 , 25- 
10 dimethosy-13,19 , 21 , 27-tetramethyl-ll , 28-dioxa--4^aza- 
t r icyclo C22 .3.1.0*' ^3 octacos-18-ene-2 ,3,10, 16- 
tetraone ; 

17- Ethyl-l,14-dihydrosy-12-[2'-<4"-<l-diben2yl- 

15 phosphonoi^-ethyl indol-5-y 1 ) oxy-3 ' '-methoxy cy c lohexyl ) - 
1 • -methylvinyl]-23 , 25-dimetho^-13 ,19,21, 27-tetra- 
xnethyl-11 ,28-dioxa-4-azatricyclo[22 .3 . 1.0*' ^]octacos- 

18- ene-2 , 3 , 10 ; 16-tetraone ; 

20 Monopotassium salt of 17-Ethyl-l, 14-dihydroxy-12-C2»- 
( 4"-( l-phosphonoxy-ethylindol-5-yl )o3qr-3v-methoxy- 
cyclohesyD-l • -methyl vinyl]-23 , 25-dimethoxy-13 , 19 , 21 , 
27-tetramethyl-ll , 28-dioxa-4-azatr icycloC22 . 3 . 1 . 0* • ^3- 
octacoB-18-ene-2 ,3,10, 16-tetraonei 

25 

17-Ethyl-l, 14-dihydroxy-12-[2«-(4"-<l-(N,N-dimethyl- 
glycyloxy)ethyiTndol-5-yl)oxy-3"-methoxycyclohexyl)- 
1 •-methylviTiyll-23 , 25-dimethoxy-13 , 19 ,21 , 27-tetra- 
» methyl-11 , 28-dioxa-4-azatricyclo[22 .3.1. 0*' 9]octacos- 

30 18-ene-2, 3, 10, 16-tetraone; 



- 302 - 



17-Etliyl-l , 14-dihydroay-12-C2 • -(4"-(l-succiiiylo3y- 
ethylindol-5-yl>oay-3"-methoxycyclohexyl)-l • -methyl- 
vinyl]-23 , 25-dimethoxy-13, 19 , 21 ,27-tetraniethyl-ll , 28- 
dioxa-4-azat r i cyclo [22 .3.1.0^'^ ] oct acos-18-ene-2 , 3 » 10 . 

16- tetraone ; 

17- Ethyl-l , 14-dihydroay-12-[2'-(4"-(l-methyl-3-phenyl- 
indol-5-yl) oxy-3 "-metho^cyciohe^l )-l • -methylvinyl ] - 
23 . 25-diinethpsy-13 . 19. 2 1. 27-t e tramet hyl-ll . 28^dioxa-4- 
azatricycloC22 . 3.1.0^' 9 Joctacos-18-ene-2 , 3, 10 , 16- 
tetraone; 

17-Eth yl-l. l4-dihydroxy-12-[2'-<4"-(l-methyl-3-C2- 
hydroxyethyl) indol-y-yl )o3y-3 "-methoxycycloliexyl )-l 
methylvinyl] -23 . 25-diniethqxy-13 , 19 , 21 , 27-tetrainethyl- 
11 , 28-dioxa-4-azatr icyclo [22 .3.1.0^' 9 joctacos-18-ene- 
2 , 3 . 10 , 16-tetraone; 

17-Ethyl-l . 14-dihydroxy-12-[2 '-(4"-(1.3-dimethylindol- 
5-yl>oxy-3"-Inethoxycyclohe3yl)-l • -methylvinyl] -23 , 25- 
dimetho^-13 » 19 , 21, 27-tetramethyl-ll. 28-dioxa-4-aza- 
tri cyclo [22 .3.1- 0^ » ^3 octaco&-.18-ene-2 , 3 , 10 , 16- 
tetraone; 

17 -Ethy l-l. 14-dihydro^-12-[2'-(4"-(1.3-dimethylindol- 
5-yl)oxy-3"-methoxycyclohexyl)-l '-methylvinyl] -23 . 25- 
dimeth02y-13 . 19 . 21, 27-tetramethyl-ll. 28-dioxa-4-aza- 
tr icyclo [22 . 3 . 1 . 0*» 9] octacos-18-ene-2 , 3 , 10 , 16- 
tetraone; 
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17-Ethyl-l , 14-dihydroxy-12-[2 • -(4"-(9 • -methylcarbazol- 
3 •-yl)oxy-3"-metho3cycyclohexyl)-l • -methyl vinyl]-23 .25- 
dimethoxy-13 , 19 , 21 ,27-tetramethyl-ll , 28-dio±a-4-aza- 
5 tricyclp[22 .3.1.0^ . 9]octacos-18-ene-2 ,3,10, 16- 
tetraone; 

17-Ethyl-l , 14-dihydroxy-12-E2*-(4"-( (2 • • • '-(3 

^di^tlQrimiiiopropioiQrl6^-)ethyl-y^ • • •-yl)o2y-3"- 

l Q — methoxycyciohexyl-)=i-» -methylvinyl^ -23 , 25-dimethoxy- 
13 , 19 , 21 , 27-tetrainethyl-ll , 28-dioxa-4-azatr icyclo- 
[22 . 3 . 1 . 0^ • 93octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l, 14-dihydroaEy-12-[2'-<4"-( (2 • • • '-(S* • • • •- 
15 dimethylaminopropionyl03cy)ethyl)indol-5 • • • -yl)oxy-.3"- 
methoxycyclohexyl)-l • -methylvinyl]-23 , 25-dimetho3qr- 

13 , 19 , 21 , 27-tetrainethyl-ll , 28-diOxa-4-azatricyclo- 

[22.3.1. 0*» 93octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 
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17-Ethyl-l, 14-dihydroxy-12-C2«-<4"-( (2' • • •-<3' •» • 
aininopropioriyloxy)ethyl)indol-5« • '-yDoxy-S"- 
methoxycydohexyD-l ' -methylviiiyl3-23 , 25-diinetho:^- 
13,19,21, 27-tetrainethyl-ll , 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0* » 9] octacos-18-ene-2 , 3 , 10 . 16-tetraone ; 

17-Ethyl-l, 14-dihydroxy-12-[2'-<4"-( (2' •-(3' • 
benzyloxycarbonyl-2 • • • • '-benzylosycarbonylamino- 
propionyloxy)ethyl)indol-5» ^ •-yl)o^-3"-inethoxycyclo- 
he3Eyl)-l ' -methylvinyl3-23 . 25-dimBth02cy-13 , 19 , 21 , 27- 
tetramethyl-ll,28-dioxa-4-azatricyclo[22. 3 . 1 . 0*» 9]- 
octacos-18-ene-2 ,3,10, 16-tetraone; 



- 304 - 



17-Ethyl-1.14-dihydr03Qr-12-C2'-C4"-«2' • • '-(aspartyl- 
oxy).ethyl)ind61-5 ' • t_yi>oxy-3"-methoxycy.clohexyl)-l'- 
methylvinyl] -23 , 25-dimethoxy-13 . 19 . 21 . 27-tetramethyl- 
11 , 28-dioxa-4-azatricycloC22 . 3 . 1 .0* • ^Joctacos-lS-ene- 

2.3, 10 , 16-tet raone ; 

17-Ethyl-1.14-dihydroxy-12-[2'-(4"-C(2' • ' .-(l- ' • • 
~iml<ia^olyi^bWlW>et:l^r) i5dol--.5 ... =yi-) o3cy-3 ••- 

~" metli^cycloliexyl-)-! '^inethylvinyl-]-2-3^ 25-d imethoxy- 
13 , 19 , 21 , 27-tetrainetliyl-ll, 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0* » 9] octacos-18-ene-2 ,3,10, 16-tetraone ; 

17-Ethyl-l,14-dihydroxy-12-C2'-<4"-«2' • ' '-(l' ' ' * 
piperazinocarbonylosy) ethyl) indol-5' • '-yDoaryr^S"- 
methoxycycloliexyl)-l • -lnethylviIlyl]-23,25-dimethoxy- 
13 ,19 , 21 , 27-tettamethyl-ll , 28-dioxa-4-azatr i cyclo- 
C22 . 3 . 1 , 0* • 9] oc tacos-i8-eiie-2 ,3,10, 16-tetraone ; 

17-Ethyl-1.14-dihydroxy-12-C2'-<4"-<l' • •-<2' • • 
(2« • ' ri_hydxoy)ethylaminocarbonyloxy)ethyl)indol-5' ' ^ 
yl)03cy-3"-methoxycyclolie3cyl )-l ' -methylvinyia-23 , 25- 
dimethoxy-I3 .19 , 21 , 27-tetramethyl-ll . 28-dioxa-4-aza- 
tr icycloi:22 .3.1. 0*. 9] octacos-18-ene-2 , 3 ,10 , 16- 
tetraone; 

- 17-Etbyl-l-,14-dihydroxy-12-C2 '-<4"-(l' • •-<2' » • ^- 
^ (isopropyaminocarbonyloxy)ethyl)indol-5' • "-yDoxy-S"- 
methoxycyclohesyD-l ' -methylvinyl] -23 , 25-dimethoxy- 
13,19 ,21. 27-tet ramethyl-ll,28-dioxa-4-azatricyclo- 

[22 . 3 . 1 . 0* » ^ ] octacos-18-ene-2 , 3 , 10 , 1 6-tetr aone ; 
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17-Ethyl-l.l'i-dihydroxy-12-[2'-(4"-<l' • '-(2' • • •- 
(If 1 1 1 •_piperidinocarbonyloxy)ethyl)indol-5' • '-yl)oxy- 
3"-methoxycyclohe^l)-l ' -methyl vinyl]-23 » 25-dimethoxy- 
13 , 19 ,21 , 27-tetraniethyl-ll , 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0* . 93octacos-18-ene-2 ,3,10, 16-t«traone ; 

17-Ethyl-l,14-dihydroxy-12-[2'-(4"-<l' • '-(2' • • «- 
-( 1-1 I i-i i-_inorphil inocarbonyloxy) ethyl ) indol-S • • ' -yl ) pxy- 

- z3_l!=methp3Qrcyciohexyl )-l' -methyl vinyl ]-23-,.25--=dimet 

13 , 19 , 21 , 27-tetramethyl-ll , 28-dioxa-4-aaatr icycld- 
[22 . 3 . 1 . 0^ . 9] octacos-18-ene-2 .3,10, 16-t etraone ; 

17-Ethyl-l,14-dihydroxy-12-C2'-<4"-Cl' • •-<2' • • 
(diphenylaminocarbonyloaqr) ethyl )indol-5' ' •-yl)oxy-3"- 
methoxycyclohexyl>-l '-methylvinyl]-23 , 25-dimethosy- 

- 13 ,19 , 21 , 27-^tetramethyl-ll , 28-dioxar4-azatr icydo- 
[ 22 . 3 . 1 . 0* • ^ ] dctacos-18-ene-2 , 3 , 10 , 16-t etraone ; 

17-Ethyl-l,14-dihydroxy-12-C2«-(4"-(l' • •-(2« • • 
(diethylaminocarbonyloxy>ethyl)indol-5' • '-yl)oxy-3"- 
metho3tycyclohexyl>-l •-methylvinyl]-23 , 25-dimethoxy- 
13 , 19 ,21 , 27-tetramethyl-ll , 28-dioxa-4-azatricyclo- 
[22 . 3 . 1 . 0^ . 9] octacos-18-ene-2 ,3 , 10 , 16-t etraone ; 

17-Ethyl-1.14-dihydroxy-12-[2'-(4"-(l' • •-(2' • • 
-met-hanesulf onyloxyethyl).indol^5 L': • -yl)oxy-3"-methoxy- 
-cyclohexyD-l ' -methyl vinyl] -23 , 25-dimethoxy-.13 , 19 , 21 , 
27-tetramethyl-ll , 28-dioxa-4-a2atricyclot22 . 3 . 1 . 0* » 9]- 
octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 
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17-Ethyl-1.14-dihydrosy-12-C2'-<4"-<l' • '-(Z- • • '^azido- 
etlxyl)indol-5 ' • •-yl)oaiy-3"-inetho2ycyclohexyl)-l'- 
methylvinyl J-23 ,25-diiiiethoxy-13 . 19 . 21 . 27-tetxaniethyl- 
ll. 28-dioxa-4-azatr icycloI22 . 3 . 1 . 0*' 9]octacos-18-ene- 

2 , 3 , 10, 16-tetraon.e ; 

17-Ethyl-1.14-dihydro^-12-[2'-<4"-(l' • •-C2' • • '-amino- 
ethyl)indol-5' ' ^_yl)oxy-3"-niethoxycyclohexyl)-l'- 
-methvlvinyl]-2:3725-dim^etKes^^ 
11. Z8-dioxa-4-azatr icycloC22 .3.1. 0*' ^ Joctacos-lS-ene- 

2 , 3 , 10 , 16-tetraone ; 

-17-Ethyl-1.14-dihydroxy-12-[2'-(4"-.<l' • '-t-butyldi- 
methylsilyloxyethoxyethylindol-S' • .-yl)oxy-3"-inethoxy- 
cyclohexyl)-l '-methylvinyl3-23 . 25-dimetho3y-13;i9 ,21, 
27-tetramethyl^l-lT28-dioxa-4-azatr icyclo[22 .3.1.0 
octacos-18-ene-2 , 3 , 10 , 16-tetraone ; 

17-Ethyl-l,14-diliydroxy-12-[2'-<4"-(l' ' '-hydroscy- 
ethoxyethylindol-5 ' • •-yl)oxy-3"-iiietboxycyclohexyl)-l'- 
inethylvinyll-23 , 25-dinietboxy-13 , 19 . 21 , 27-t etr amethyl- 
-11 . 28-dioxa-4-a2atricycloC22 .3.1. 0^» ^ Joctacos-18-eiie- 
2 , 3 , 10 , 16-tetraone ; 

17- Ethyl-1.14-dihydrosy-12-[2'-(3"-meth03£y-4"-<l' • •- 
(II I . ._o±oprop-3 • •-•-•--yl) indol-5 • ' '-yDoxycyclohexyl)- 
1 • _methylvinyl]-23 ,-25-diinethoxy-13 , 19 . 21 . 27-tetra- 
methyl-11 . 28-dioxa-4-azatricyclo[22 . 3 ; 1 . o"^ • ^^octacos- 

18- ene-2 , 3 , 10 , 16-tetraone ; and 
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17-Ethyl-1.14-dihydroxy-12-[2'-(3"-methoxy-4"-(l' • «- 
(It f I t-carboxyeth-2* • ' •-yl)indol-5 • • "-yDoxycyclo- 
hexyl )-l • -inethylviiiyl]-23 . 25-dimethoxy-13 .19.21. 27- 
tetramethyl-11 . 28-dioxa-4-a2atr icyclo[22 .3.1.0*^^]- 
octacos-18-ene-2 ,3,10, 16-tetraone ; 

or a pharmaceutically acceptable salt thereof. 



?• A pharmaceutical compositiorx 
comprising a pharmaceutical carrier and a 
therapeutically effective amount of the compound of 
Claim 1. 

15 

8, A method for the treatment of immuno- 
„ regulatory disorders or diseases comprising the 

administration to a mammalian species in need of such 
treatment of an effective amount of the compound of 
20 Claim 1, 

9. A method for the treatment of 
resistance to transplantation comprising the 
administration to a mammalian species in need of such 

25 treatment of an effective amount of the compound of 
Claim 1. 



30 
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10. A process for the preparation of a 
compound of structural Formula I: 



10 



15 




CH3O OCH3 



20 



or a pharmaceutically acceptable salt thereof, 
wherein: 



25 



30 



is selected from: 

(1) heteroaryl; 

(2) substituted heteroaryl in which the 
substituents are X, Y and Z; 

(3) heteroaryl-Ci.io^^^y^' 

(4) substituted heteroaryl-Ci.io^Ll^y^ which 
the heteroaryl group is substituted by X» T 
and Z and the alkyl portion may be 
substituted with one or more of the 
substituent(ff) selected from: 



wo 93/05058 



PCr/US92/07508 



(a) 
(b) 
(C) 
<d) 
(e) 

(f) 



10 (g) 



15 



20 



25 



30 



- 309 - 
hydroxy, 

C^.g-alkoxy, 
aryl-Cj^«3alko2y, 

substituted aryl-Ci^salkoxy , in which 
the substituents on aryl are T and Z, 
unsubstituted or substituted aryloxy^ 
in which the substituents on aryl are 
X, T and 2, 
-OCO-C i^galkyl • 
-Nr6r7, wherein and are 
independently selected from 

(i) hydrogen, 

(ii) Ci_io^^*^y^ 

substituted with one or more of 
the substituent(s> selected from: 
(a") aryl, which is unsubstituted 

or substituted with X, Y and 

Z, 

(b«) heteroaryl, which is 

unsubstituted or substituted 
with X, T and Z, 

(c-) -OH. 

(dO Ci_6^1^^^» 

(e*) -CO2H, 

(f«) -C02-Ci.6alkyl . 

(g») -C3_7cycloalkyl, and 

(h') -orIi, 

(iii) C3_io^^*^®^yl unsubstituted or 
substituted with one or more of 
the substituent(s) selected from: 
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(a') aryl, which is unsubstituted 
or substituted with Z, T and 

(bO heteroaryl, which is 
5 unsubstituted or substituted 

with X, T and Z, 
(c*) -OH, 
<d') Ci.galkoxy. 
(e*) -CO2H. 

10 (f«> -C02-Ci.&alHyl. 

<g»> -C3_7cycloalkyl, and 
(hO -OR^l, 
(iv)or where- and and the N to 
- which they are attached may form 

15 an unsubstituted or substituted 

3-7-membered heterocyclic ring 
which may include one or two 
additional heteroatoms 
independently selected from the 

20 group consisting of 0, S(0)p, 

Nr1\ wherein R^* is hydrogen or 
C^.g alkyl unsubstituted or 
substituted by phenyl, and p is 0, 
1 or 2, 

25 (i) -NR^CO-Ci^galkyl-R^, wherein R^ and R^ 

are as defined above, 

_ C j X ^"iai^C02-Ci_6^1^y^"^^ V 
(k) -NR^CONR^^, 
(1) -OCONR^^r 
30 (m) -COOR^, 

(n) -CHO, 
(o) aryl, 
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<p) substituted aryl in which the 

substituentfi are X, Y* and Z, 
(g) -OR^^, and 
(r) -S(0)p-Ci.6alkyl; 

5 (5) heteroaryl-Ci^io^^^y^ wherein one or 

more of the alkyl carbons is replaced 
by a group selected from: -NR^-, -0-, 
-S(0>p". ^C02-. -O2C-.' -CONR^-. 
-NR^CO-. -NR^CONR^-; 

10 (6) substituted heteroaryl-Ci^ig^^^^y^ 

wherein one or more of the alkyl 
carbons is replaced by a group selected 
from: -NR^-, -0-. -S(0)p-, -C02-, 
-O2C- , -^CONR§-^-,^HR^-CO=-, -and 

15 -NR^coNR^", the heteroaryl group is 

substituted with X, T, and Z, and the 
alkyl group may be substituted with one 
or more of the Bubstituent(s> selected 
from: 

20 (a) hydroxy, 

(b) 0x0, 
<c> C^.^alkoxy^ 
< d ) aryl-C alkoxy , 

(e) substituted aryl-Ci_3alkoxy, in which 
25 the substituents on aryl are X, T and Z, 

(f) unsubstituted Or substituted aryloxy, 
in which the substituents on aryl are 

. X, 7 and Z, 

(g) -0C0-Ci_6all^yl' 

30 (h) -NR%7^ wherein R^ and R^ are as 

defined above, 
( i ) -NR^CO-Ci.^alkyl-R^ , 

( j > -NR6C02-Ci.6^^*^y^-^^ • 
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(1) -OCONR%^, 
. (m) -COOR^ , 

(n) -CHO, 
5 (o) axyl., 

(p) substituted aryl in which the 
substituents are X, Y and Z, 

(q) -OR^^, and 

(r) -S(0)p-Ci_6alkyl; 
10 (7) heteroaryl-Cs^io^l^^^y^ alkenyl 

contains one ta four double bonds; 

(8) heteroaryl-C3_xoall^enyl wherein alkenyl 
contains one to four double bonds and 
wherein-one- ox more of-the.-alkyl carbons is 

15 replaced by a group selected from: -NR^-, 

-0-. -S(0)p-, -=C02-. -O2C-, -C0NR6-. 
-MR^CO-. and -NR^COHR^-; 

(9) substituted heteroaryl-C3_ioaikenyl wherein 
alkenyl contains one to four double bonds 

20 and wherein one or more of the alkyl. carbons 

may be replaced by a group selected from: 
-NR^-. -0-. -S(0)p-, -CO2-. -O2C-. -C0NR6-, 
-NR^CO-» and -NR^CONR^, the heteroaryl group 
is substituted with Z» Y, and Z, and the 

25 alkyl— grroup-may—be-substituted -with one or 

more of the substituent<s) selected from: 

(a) hydroxy, 

(b) 0x0 , 

(c) Ci^galkoxy, 

30 (d) aryl-Ci_3alkoxy, . 

<e) substituted aryl-C],_3alkoxy , in which 

the substituents on aryl are X, Y and Z, 
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(f) unsubstituted or substituted arylosy, 
in which the substituents on aryl are 
Z, T and Z, 

(g) -OCO-Ci_ealkyl. 

5 (h> -NR^R^, wherein and R^ as defined 

above , 

(i) -NR^CO-Ci.galkyl, wherein R^ is as 
defined above » 

(j> -NR6C02-Ci.6^^^y^» 

10 _„ (k) --"NR^C0NR%7. — 

(1) -OCONR^R^, 
(m) -COOR^, 
(n) -CHO. 

(O) — aryl, , 

(p) substituted aryl in which the 

substituents are X, Y and Z, and 
(q) -OrI^, and 
(r) -S(0)p-Ci_6alkyl; 

2^ r2 is selected from: 

(1) the definitions of R^; 
<2) hydrogen; 

(3) phenyl; 

(4) substituted phenyl in which the substituents 
25 are_X,._T™and_Z; „ 

<5) 1- or 2-naphthyl; 

<6) substituted 1- or 2-naphthyl in which the 

substituents are X, T and Z; 
(7) biphenyl; 
3p <8) substituted biphenyl in which the 

substituents are X. Y and Z; 

<9) Gi.io^i^yiJ 
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(10) substitiited-Ci_io^^^y^ which one or more 
substituent(s) is(are) selected from: 
<a) hydroxy, 
(b) oxo, 
5 <c) Ci.galkoxy, 

(d) aryl-Ci_3alkosy, 

(e) substituted aryl-Cx_3alkoxy , in which 
the substituents on aryl are X, T and Z, 

(f ) unsubstituted or substituted aryloxy» 
10 in-which the -substituents on- aryl are 

I, T and Z, 

(g) -OCO-Ci.galkyl, 

<b) -m.^R^ , wherein and are as 

. def ined -above - 

15 (i> -NR^CO-Ci.galkyl-R^ , wherein and 

is as defined above, 
(j) -COOR^, wherein R^ is as defined above, 
(k) -CHO, 
CD phenyl, 

20 (m) substituted phenyl in which the 

substituents are X, Y and Z, 
<n> 1- or 2-naphthyl, 

(o ) substituted "1- or 2-^aphthyl in which 
the substituents are X, Y and Z, 

25 -^Cp) biphenyl-r 

— (q> substituted bi-phenyl in-which the 
—substituents are X, Y and Z, 
(r) -OR^l, and 
Cs) -S(0)p-Ci_6alkyl; 
30 (11> C3_ioalkenyl; 

(12) substituted C3_ioalkenyl in which one or 
more substituent(s) is(are) selected from: 
(a) hydros. 
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10 



15 



20 



25 



30 



(b) 0X0, 

Cc) Ci.galkoxy, 

(d) phenyl-Ci_3alkoxy, 

(e) substituted phenyl-Ci_3alk6xy, in which 
the substituents on phenyl are 

X, T and Z, 

(f) -0CO"Ci_5alkyl, 

(e) -NR^R^, wherein and R^ are as 
defined above 

(h) -^NR^C0-Ci_5alkyl» wherein R^ is as 

defined above, 

(i) -COOR^, wherein R^ is as defined above, 
<j) -CHO, 

<k) phenyl , 

(1) substituted phenyl in which the 

substituents are X, T and Z, 
(m) 1- or 2-naphthyl, 

(n) substituted 1- or 2-naphthyl in which 

the substituents are X, Y and Z, 
(o) bi phenyl, 

(p) substituted biphenyl in which the 

substituents are X, T and Z, 
(q) -OR^l, and 
(r) .S(0)p-Ci_6alkyl; 

(13) _C3_io^l^y^y^» 

(14) substituted C3_io^^^y^y^ which one or 
more substituent(s) is(are) selected from: 

(a) hydroxy, 

(b) 0X0, 

<c> Ci.galkoxy, 

(d ) phenyl-Ci_3alkoxy , 
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(e) substituted phenyl-Ci_3alkoxy , in which 
the substituents on phenyl are 

X» T and Z, 

(f) -OCO-Ci.fialkyl, 

5 (g) -NR^R^i wherein and are as 

defined above. 
(h> -NR^C0-Cx«6^^*^y^» wherein R^ is as 

defined above, 
(i) -COOR^r wherein R^ is as defined above, 

10 cjy --CHOr- — 

(k) phenyl. 

<1) substituted phenyl in which the 
substituents are X, T and 

(m)- -1 — or— 2-naphthyl , 
15 (n) substituted 1- or 2-naphthyl in which 

the -substituents are X, T and Z, 

(o) biphenyl, 

(p) substituted biphenyl in which the 
substituents are X, Y and Z. 
20 (q) -OrI^; and 

(15) -r1^; 

r3 is hydrogen, hydroxy, -OR^^, or Ci^^alkosy; 
R* is hydrogen, or R^ and R* taken together form a 
double bond; 
^5 r5 is methyl-,— ethyl , propyl or allyl; 

rIO is hydrogen, -hydroxy.—OR^l fluoro; 
R^l is selected- from:_ 

(a) -POCOH)0"ir'", wherein is a positively 
charged inorganic or organic counterion, 
30 (b) -SO3-M+, 

(c) -C0(CH2)qC02"M+, wherein q is 1-3, and 
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(d) -C0-Ci_5alkyl-NR%7 , wherein and 

are as defined above and the alkyl is 
unsubstituted or substituted with one 
or more substituents selected from: 
5 (i> hydroxy, 

<ii) Ci.galkoxy. 

(iii) -Nr1%17^ wherein R^^ and R^^ are 
independently selected from: 
(a») hydrogen, and 

10 : ^- _<b-i )-Ci:=r6alkyr, — 

(iv) -COOR^, wherein R^ is as defined 
above , 

(v) phenyl, 
(iv) substituted phenyl in which the 
substituents are X, Y and Z, 
<vii) heteroaryl, 
(viii) -SH, and 

(ix) -S-Ci^galkyl; 
W is 0 or (H, OH); 
^0 X, T and 2 independently are selected from: 

(a) hydrogen, 

(b) Ci^io^-'-^y^* unsubstituted of 
substituted with one or more 
substituents selected from: 

25 (i) aryl, 

(ii) substituted aryl in which the 

substituents are X' , T» and Z' , 
(iii) heteroaryi, 

(iv) substituted heteroaryl in which 
30 the substituents are X' , Y', and 

(v) unsubstituted or substituted 
aryloxy, in which the substituents 
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on aryl are X', T« and Z', 
(vi> -0R.6 . 
<vii) -OrII, 
(viii) -OCOR^, 

(x) -NR%7, 
(xi) -CHO. 
(xi i ) -KR^COCi^galkyl-R^ , 
(xi i i ) -NR^COiCi.ealkyl-R^ , 
Cxiv) -NR^C0NR%7 ^ 

(xv> -QC0]m%7, 
(xvi> -C0HR%7, 
) Ci_iQalkyl wherein one or more. of the 
all^l carbons is replaced by a group 
selected from -NR^-, -0-» -S<0)p-, 
-CO2-, -O2C-, -CONR^-. -NR^CO-, 
-NR^CONR^-, -CO-, -CH<OH>-, alkenyl or 
alkynyl and the alkyl may be nnsub- 
stituted or substituted with one or 
more substituents selected from: 

(i) aryl, 
(ii) substituted aryl in which the 

substituents are and Z* r 

Ciii) heteroaryl, 
(ivT" substituted heteroaryl in which 
the substituents are X» » T' , and 
Z' , 

(v> unsubstituted or substituted 

arylo^r in which the substituents 
on aryl are Z* , T' , and Z* , 
(vi> -Or6. 
(vii) -OrII, 
(viii) -OCOR^, 
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<ix) -0C02R^, 
(x) -NR^lJ , 
. (xi) -CHO 

(xi i ) -NR^COCi.^alkyl-R^ , 
(xiii) -NR6c02Ci_6alkyl-R7 , 
(xiv) -NR^CONR^R^, 

(XV) -0C01Ir6r7, 
(xvi) -CONr6r7, 

(d) halogen, - 

<€) -UR^bJ, 
<f) -CN. 
(g) -CHO. 

<h). .-CF_3., . 

<i) -SR^, wherein R^ is hydrogen, 

C]__5alkyl, trif luoromethyl, or phenyl, 
<j) -sorB. 
<k) -SO2R®, 
<1) -C0Nr6r7, 

(m) R^0(CH2)ni- wherein R^ is hydrogen, 
Ci_galkyl, hydroxy-C2_3alkyl, -CF3, 
phenyl, R^^ or naphthyl and m is 0, 1, 
-2,- or 3, 

(n) -CH(Or12)(or13), wherein r12 and R^^ 

are Ci_3alkyl or taken together form an 
ethyl or propyl bridge, 
0 

<o) R9cO(CH2)n,- wherein R^ and m are as 
defined above, 
0 

(p) R'0C(CH2)nj- wherein and m are as 

defined above » and 
(q) -R^^; 
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or any two of X, Y and Z may be joined to 
form a saturated ring having 5, 6 or 7 ring * 
atoms, said ring atoms comprising 1 or 2 
oxygen atoms, the remaining ring atoms being * 
5 carbon » 

XI, 1' and Z' independently are selected from: 
(a) hydrogen, 
<b) _Ci-7alkyl,_ 

10 (d) halogen, 

(€) -(CH2)xa-NR^R^» wherein R^. R' and m are 

as defined above, 
Cf) -CN, 

(g) GHO. 

15 (h) -CF3, 

(i) -SR^. wherein R^ is hydrogen, 

C]__^alkylr trif Inoromethyl, or phenyl, 
(j) -SOrS. wherein R^ is as defined above', 
(h> -S02R^. wherein R^ is as defined above. 
20 (1) -CONR^R^. wherein R^ and R^ are as 

defined above, 
(m) R90(CH2)m- wherein R^ and m are as 

defined above, 
(n) -CH(OR12)(or13), wherein R^^ and R^3 
25 -are as— def ined- above. ^r^— — 

0 -- 
(o> R5cO(CH2)ni- therein R^ and m are as 
defined above, 
0 

30 (p) R^0C(CH2)ai- wherein r' and m are as 

defined above, and 
(q) -R^ 



r 



,11; 



n is 1 or 2^ 
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which comprises: 

contacting a compound of structural Formula Ila; 



10 



CCH2)n 



15 




H,C 



20 ^^30 OCH3 



Ila 

wherein: 

25 E is hydrogen, methyl or R^; 

W is 0 or~(H."bH)i ~ 

r3 is hydrogen, hydroxy, or C^.g alkoxy; 

is hydrogen, or R^ and R* taken together form a 
double bond; 

30 R^ is methyl, ethyl, propyl or allyl; and 
n is 1 or 2; 
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with a trihetexoarylbismuth diacetate reagent of the 
formula: (Rl>3Bi<0Ac>2 or (R2)3Bi(0Ac)2 
(wherein and R^ are as defined above) in an 
5 organic solvent at a temperature of O'C to solvent 

reflux temperature in the presence of an oxidant and 
a catalytic amount of a copper<II) salt; 

or with a trichloroacetimidate reagent of the formula: 
10 (Rl0)C=NH(CCl3) or (r2o>C=HH<CC13) 

(wherein R^ and R^ are as defined above) in an 
organic solvent at a temperature of O'C to solvent 
reflux temperature in the presence of a catalytic 
amount of an organic or inorganic acid; 

15 

ox with an alkylating agent of the formula: 

r1_LG ox r2-LG 
(wherein L6 is an approptiate leaving group and R 
and r2 are as defined above) in an organic solvent at 
20 a temperature of 0*C to solvent reflux temperature in 
the presence of an amine base. 



25 



30 



INTERNATIONAL SEARCH REPORT 

lotcnatlou] AppUotioo No 



PCT/US 92/07508 



I. CLASSIFICATION OF SUBJECT MATTER Of »rvmj dasstikatioD fynbols ipply, Indicate 



AcoorriiDg to IntenatioiaJ Patent aass6c3CioB (II*C) or to both N&cioiaJ dassificatioD aad IPC 

Int.Cl. 5 C07H19/01; A61K31/70 



1 D. HELDS SEARCHED 1 


1 MioliBuni Pocuipefttation Scardnetf' 1 


1 Claxsficatioo Systos 


Classtficatios Symbols | 


lint. CI. 5 


C07rt ; 


A61K ; C07D 



DoojiDcotatioD Searched other than Minbaum Oocumcnutiao 
to the Extcot that neb Doanneots are lododed Id the Fields Searched* 



! m. DOCUMENTS CONSIDERED TO BE RELEVANT' 



Category * 



CiutioD of DocuiBcnt. with ladlcatioD, mhnt appnpriate, of the relevant passages^ 



Relevant to OaJm No." 



P.x 



GB,A,2 245 89! (FUJI5AWA PHARMAGEUTIGAL 
CO. LTD) 

15 January 1992 

cited In the application 

see page 13, line 20 - page 14, line 10; 

claims 

EP.A.O 428 365 (MERCK AND CO., LTD.) 
22 May 1991 

cited in the application 
see claims; examples 



1-10 



1-10 



" Spcdal categories of dted docnmciits 

*A' doojffleat defining the general suta of the art vtUcli is not 

conridcned to be n partiailar rdovanco 
*£* earlier docnmait but pubUsfaed on or after the IntooatlonaJ 

filing data 

^* docunent vfalcfc nay throw doobts on priority daloCs) or 
which Is ched to establish the publicatiDn date of another 
dtation or other spedal reason (as spedflcd) 

*0' docunent referring to an oral disdomre, nsc, eachlblilon or 
other Beans 

docunent published prior to the International filing dat* but 
later than the piiori^ date daixntd 



T* l»tcr document poblished after the Intematsooal filing date 
or priority date and not In conflict with the appUcatioo hot 
dted to understand the piiodple or theory luacriying th« 
invendon 

'X* docunc&t of particular idcvinec; tht daimed InvcntioB 
cannot be considtrcd Dovtl or cannot be considered to 
Involve aa inventive step 

docunent of partiailar rdevance; tlio claimed InventlOB 
cannot, be considered to Involve an Inventive step when tho 
docunent Is combined with one or more c»thcr tucb doco- 
nents, such combination being obvious to a person skilled 
In the art. 

'&* document mcaber of the same patent fuaOy 



IV. CERTIHCATION 



1 Date of Ibc Actnil ConploiOB of tb* lBi«RiailoBtl Sevch 

07 DECEMBER 1992 


Date of Mailing of this IntcmatloBal Scardi RepoR 1 

21.12.92 I 


1 Istcmatlonal Searching Authority 

J EUROPEAN PATENT mCE 


SlgnatBro of AuthoriMd Officer 1 

DAY G.J. 1 



rim 





INTCRNATlONAL SEARCH REPORT 


International application No. 

PCT/US 92/07508 


1 


Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 


This intemationsa search report has not been estabEshed in respect of certain claims under Ariide I7(2Xa) for the foUowing reasons: 
I 1 Claims Nos.: 

* because ih^y relate to subject matter not required to be searched by this Authonty, namely: 

Although claims 8 and 9 are directed to a method of treatment of the human/ T- 
animal body, the search has been carried out and based on the alleged 
effects of the compound/composition (ART 17(2) + Rule 39.1(1v)PCT) 

^* 1— 1 h^h^y relate to parts of the international appUcation that do not «»mply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, spedfically: 

^' be^jre'Sey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6^(a). 


Box II Observations where unity of invention is lacking (Continuation of item 2 of first shee*) 


This International Searching Authority found multiple inventfons in this international application^ as follows: 

1. r~l As aU required additional search fees were timely paid by the appL'cant, this international search report covers all 
searchable claims^ 

2 r~l As aU searchable daims could be searches without effort justifying an additional fiee, tlus Authority did not invite payment 
^""^ of any additional fee. 

3. [ 1 As only some of the required additional search fees were timely paid by the applicant, this international search report 
* ' covers only those daims for whkh fees were paid, specifically daims Nosu 

4 1 I No required additional search fees were timely paid by the applicant. ConsequenUy, this iniemanonal search report b ^ il"^ 
* ' restricted to the invention first mentioned in the daims; it is covered by daims Nos.: 

Remark on Protest [ J The additional search fees were accompanied by the applicant's protest. 

[ [ No protest accompanied the payment of additional search liees. 


Fc 


)rm PCr/ISA/210 (continuaiion of first sheet (1)) (July 1992) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. OS 9207508 

SA 64867 



* Ttus annex lists tfae pmtetit femUy members rtlatiiig to the patcat documents dted in the aboVMieodooed intcniatiouJ search report. 
The members arc as contamcd la Cfae European Patent Oiiiec EDP file on 

The European Patent ffiee is in no way lufale for tfacsc partkuJars which are merely firven for the purpose of infomiBtion. 07/12/92 



Patent document 
dted in search report 



GB-A-2245891 
EP-A-0428365 



PubL'c»tion 
date 



Pstcot famtiy 



Publicadoa 
date 



15-01-92 
22-05-91 



None 



CA-A- 
JP-A- 



2029860 
3209386 



14-05-91 
12-09-91 



For more details about this annoi : see Official Journal of the European Patat fficc, No, 12/82 



